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TRANSACTIONS. 


I .—Ethylic Phenanthro xylene-acetoacetate. 

By Francis R. Japp, F.R.S., and Fislix Klingemann, PhJD. 

In a paper entitled “ Condensations of G-lyoxal with. Ethylic MaJonato 
and Ethylic Acetoacetate,” by Max Polonowsky (Annalm, 246, 1), 
it is stated as a reason for undertaking the investigation that only 
the condensations of these esters with mowaldehydes and ?wowoketones 
have hitherto been studied, Polonowsky has evidently overlooked 
the fact that the condensation of a diketone—phenantliraqninone— 
with ethylic acetoacetate has been described by Japp and StaseatfeilcU 
(Trans., 1883, 27) * 

* Tlie paper by Japp and Stroatfoild was also sent—unfortunately, in English— 
to the JBei'icJtle, where a translation of it appeared 16, 275); but this trans¬ 
lation, which was published without being previously submitted to the authors for 
approval, was so disfigured by blunders (see list of errata, JBer,, 16, 819), that the 
authors were compelled to withdraw it and to refer intending readers to the Eng¬ 
lish original in the Transactions (of, Per., 16,720). As a specimen of these blunders, 
we may mention that, m the description of the preparation of the so-called ethylic 
a-phenanthroxylene-isocrotonate, the words of the English manuscript, “ by warm¬ 
ing the acetic acid and zinc-dust,” were transformed by the Berlin translator into 
“ durch Erhitzen mit Zinkstaub ” (“ by heating with zino-dust ”), by which expres¬ 
sion every reader would of course understand that the substance bad been distilled 
with zinc-dust. Considering that the compound formed in this reaction was the 
ethyl salt of a carboxylic acid, it is not going too far to say that such a statement 
was calculated to raise doubts as to either the sanity or the tom fides of the investi¬ 
gators. Wo mention this case more particularly because, in spite of the withdrawal 
of the German paper, this erroneous statement as to the heating with zinc-dust has 
passed into the Jahre&bericht (1883, 1011) and into Fehling’s Hmdworterbueh (4, 
1222 ). 

VOL. L1X. 
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JAPP AND EXINGEMANN: 


In the present paper, we describe the further investigation of 
ethylic phenanthroxylene-acetoacetate, 


IcH^CiCK 

! 6 H 4 *CO 


COOCJEI 5 
CO-OH* » 


the condensation product obtained by the action of caustic potash on 
a mixture of phenanthraquinone and etliylic acetoacotate. In spite, 
however, of the large amount of experimental material which we 
have accumulated, we must reserve the detailed discussion of our re¬ 
sults until the relation of the various compounds to one another has 
been more fully cleared up. For the present, we may say that the 
majority of these compounds appear to be derived from a compound, 

C 6 H 4 -0==II=C-“OOOC,H 6 

0 6 Hi-6(0H)*CH 2 > C0 ’ 

isomeric with the original condensation product, and formed from it 
by heating it with certain acids (concentrated formic acid, dilute 
sulphuric acid). This isomeride may provisionally be named ethylic 
isophenanthrowylene-acetoacetate. The above constitutional formula, 
which we give with reserve, represents the compound as formed by 
internal aldol-condensation, and accounts for the formation of a mon¬ 
acetyl derivative and a monohydrazone, as well as for the fact that 
the compound can be hydrolysed with alkalis, yielding a monobasic 
acid. On the other hand, the stability of this acid speaks against the 
formula, since a 7 -ketonic acid would, in all probability, readily part 
with carbon dioxide, whereas this acid does not decompose below its 
melting point (267—269°). Moreover, the hydrazone of a y-ketom> 
ester ought, under appropriate conditions, to part with alcohol, yield¬ 
ing a pyrazolone; but it was not found possible to effect any such 
transformation in the case of the hydrazone of the foregoing iso- 
compound. 

Another result of our work is to show that two of the compounds 
described by Japp and Streatfeild (Zoc. cit.) , namely, the so-called 
ethylic a-jphenanthroxylene-isoa)'otonate, C 2 u Hi fa O j3 and the dibasic acid, 
CifaHuO*, are not, as was supposed, derived from the original conden¬ 
sation product, but, with certain modifications, from the iso-com¬ 
pound, and that the constitutional formulae assigned to these com¬ 
pounds must, therefore, be abandoned. 

By subliming the dibasic acid, C lb H 14 0 4 , Japp and Streatfeild ob¬ 
tained in very small quantity a compound melting at 213°, of which 
a single combustion, made with less than 0*07 gram, gave figures 
agreeing with the formula Ci 4 Hi 0 O. By employing a different method, 
we have obtained a better yield of this compound, and wo find, both 



ETHYLIC PHENANTHROXYLEXE-ACETOACETATE. 3 

from its mode of formation and as the result of analysis, that it has 
the formula OnH u O. 

Ethylie phenanthroxylene-acetoacetate, when heated with certain 
acids, undergoes a variety of chemical changes. The first observation 
in this direction was made in the course of an attempt to recrystal¬ 
lise the compound from hot glacial acetic acid, when it was noticed 
that an insoluble compound separated from the hot liquid in coloui'- 
less, silky needles, the quantity of which increased on further boiling. 
This led us to examine the action of other acids, both organic and 
inorganic, and it. was found that different acids gave different results. 
The action in the case of acetic acid is complex, and will be better 
understood when that with formic acid has first been described. 

In the meantime, however, we may mention that although ethylie 
phenanthroxylene-acetoacetate is acted on by hot glacial acetic acid, 
it may be dissolved unchanged in this solvent in the cold, and wc 
have thus been able to determine its molecular weight by Baoult’s 
method. The result points to the formula 

Mol. -wt. 

Wt». subst. Wt. solv. ? St -r- . Depression. Found. 

Wt. bolv. 

I. 0-1716 22-35 0-7678 0*103° 2S0 

II. 0-2354 25-933 0-9077 0T25 283 

(Molecular depression of acetic acid = 39). 

A 

Action of Formic Acid on Ethylie Phenanthroxylene-acetoacetate. 

The substance was heated with excess of concentrated formic acid * 
{sp. gr. 1-22) in a sealed tube at 130° for an hour. On cooling, tlio 
greater part of the new substance was deposited in small, brownish 
crystals, whilst a farther quantity could be precipitated from the 
mother liquor by the addition of water. Alcohol, bonzone, light 
petroleum, and, finally, ethylie acetate were employed as solvents, tho 
last-mentioned giving the host result, and depositing tho compound 
in colourless, triclinic prisms melting at 177°. For ordinaiy purposes, 
benzene may be used as a solvent; it deposits tho substance in 
needles, which, however, obstinately retain a trace of a pink colouring 
matter. This colouring matter is also formed in various other reac¬ 
tions here described, and greatly interferes witli the purification of 
the products. In the case of the present compound, however, the 
colouring matter can be readily removed by recrystallising the sub¬ 
stance from hot alcoholic hydrogen chloride. 

Analysis gave figures which lead to the formula CioHwO*, showing 
that the compound is isomeric with the original condensation 
product. 


C>oH lfc 0 4 . 
Calc, tor 

320 

99 



4 


JAPP AND KLINGEMANN : 



Substance. 

CO,. 


H,0 

I. 

... 02339 

0 6580 


0-1075 

n. 

... 0-2378 

0 6549 


0-1097 


Calculated for 



Found. 


Qh}H 16 0.i. 


t - 



t —*■ - 


I. 

11 

c*. 

.. 240 75-00 


75-11 

75-11 

Hig ..... 

.. 16 5 00 


5-00 

5-12 

0 4 . 

.. 64 20-00 


— 

— 


320 100*00 





This compound may receive the provisional name ethylic iso- 
phennnth ozylene-acetoacetate , but we shall also refer to it, for short¬ 
ness, as the c * iso-compound.” We have already given the constitu¬ 
tional formula which we incline to assign to it. 

For the following crystallographies! examination of the compound 
we are indebted to Mr. A. E. Tutton:— 

<c The crystals are perfectly colourless and very highly refractive- 
when purified by several recrystallisations from acetic ether. The 
reflections obtained were generally excellent; but, owing to longi¬ 
tudinal striation, and occasionally to the presence of twin lamellae 
recognisable by the polariscope, the prism faces often gave several 
images. On this account a large number of crystals were measured. 
They vary in size from 2 to 4 mm. in length, and from 0*5 to about 
1*5 mm. in thickness. * 

r “ System: triclinic. Habit: prismatic. 

“ Elements. Axial angles: a = 78° 6 ', = 72° O', 7 = 83° 18'. 

Katio of axes : a : b : 0 = 0*9640 :1 : 0*5069. 

“ Forms present: a , { 100 ], 00 P 00 ; 6 , { 010 }, 00P00 ; c, { 001 }, oP. 

P, {110}, ooP;; p', {llO}, oo|P; q, {Oil}, *^oo. 

“ Fig. 1 represents the usual appearance of the crystals drawn to 
scale, and Fig. 2 is the spherical projection. 

Fig. 1. Fig. 2. 




a 100 
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“ Parallel faces b are generally the best developed, sometimes so 
much so that the crystals become converted into thin, tabular plates. 
All the individuals examined showed the whole six forms. Follow¬ 
ing is a table of measurements of the principal angles, together with 
the values obtained by calculation from the elements. 


• 

No. of 

measurements. 

Limits. 

Mean ob¬ 
served angles. 

Calculated 

angles. 

b 

P> 

010 

no. 

20 

41° 

88'—40° 

18' 

40° 

67' 



p 

0, 

110 

100. 

20 

38 

30—37 

14 

37 

53 


* 

<1 

p', 

100 

no. 

20 

49 

41—47 

33 

48 

32 

48° 

19' 


:5, 

no 

010. 

20 

53 

51 

-51 

35 

52 

38 

52 

51 

b 

c t 

010 

001. 

35 

75 

34 

—74 

54 

75 

9 


* 

a 

q t 

001 

Oil. 

33 

28 

28 

-27 

58 

28 

11 

28 

11 

q 

b, 

Oil 

010. 

33 

77 

0 

—76 

17 

76 

40 


# 

jp 

e t 

no 

001. 

13 

67 

29 

—66 

45 

67 

8 

67 

3 

P 

g, 

no 

Oil. 

10 

89 

6—88 

17 

88 

45 

88 

39 

a 


100 

001. 

14 

70 

23—69 

41 

69 

57 


# 

a 

q, 

100 

Oil. 

11 

75 

45 

—75 

1 

75 

28 

75 

31 

/ 

: 

no 

001. 

11 

85 

26 

—84 

44 

85 

8 

85 

13 

/ 


no 

Ml . 

11 

67 

60—67 

16 

67 

35 

67 

45 


“ The angles marked with an asterisk were used for the calculation 
of the elements. The mean temperature during the measurements 
was 14*8° C., the limits being 13*8—16*5°. 

“ There are two well-dbveloped cleavages, one parallel to the basal 
plane c, and another parallel to the brachypinakoid o. 

"‘Twins are occasionally found of tho form indicated ih Fig. 3. 


Fig. 3. 



They are produced by rotation of one individual (the front ono) 180° 
about the vertical axis. 

“ The twin plane is consequently the prism zone plane, the piano of 
the spherical projection. The upper termination exhibits re-entrant 
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angles, while the lower end shows apparently four pyramid faces. 
Measurements indicate that, as expected, the angles of the prism zone- 
remain the same, the face 5(0l0) of the front and 5(010) of the back 
crystal forming one plane in the twin. The angle made by this plane 
with c of the back crystal is 75° 9', and with q of the front crystal 
76° 40'. The twinning is occasionally repeated, the individuals appear¬ 
ing as twin lamella. 

“ As regards the optical properties, the extinctions upon all the faces 
are oblique to the crystallographic axes and facial edges. The extinc¬ 
tion upon face 5 occurs at an angle of 48° to the piism edges; upon 
face p, 36°; upon a 9 50°; and upon c, as seen through a cleavage 
plate, about 10° with the trace of 5. 

£< In convergent light, looking through a cleavage plate parallel to 
o ( 001 ), one optic axis with its brush and rings is visible, emerging 
on the side nearest the edge ac, and making an apparent angle of 
about 46° with the normal to the plate. 

u Through 5(010) another brush is visible, the axis being appa¬ 
rently just beyond the edge bp. This axis is distinctly seen with 
its rings on looking through face jp(110) near the edge bp. The 
rings are very close together even in the thinnest sections; hence 
the double refraction is very strong.” 

The same compound can be readily obtained by boiling ethylic 
phenanthroxylene-acetoacetate with sulphuric acid diluted with twice 
its weight of water. The substance cakes together to a crust, which 
should be broken up with a glass rod during the operation. The 
product was powdered under water, thoroughly washed with water, 
and purified as in the case of the substance obtained with formic 
acid. It crystallised from ethylic acetate in the prismatic forms of 
the iso-compound, melting, like the latter, at 177°. Analysis gave 
C, 74 90; H, 5 03 per cent. Calculated for CioH lc 0 4 : C, 75 00; 
H, 5'00 per cent. 

The crude product obtained in the foregoing reaction is yellow 
instead of pink, the colonring matter which gave so much trouble in 
preparing the compound by the action of formic acid not being 
formed, and the substance is consequently easier to purify. 

In our first experiment with dilute sulphuric acid we obtained a 
practically quantitative yield of the iso-compound; but in subsequent 
experiments a small quantity of a substance insoluble in benzene and 
acetic acid was formed at the same time. This proved to be the 
compound C 20 H 14 O 3 , more readily obtained by the action of glacial 
acetic acid on ethylic phenanthroxylene-acetoacetate (vide inf)a), and 
formed from this latter compound by elimination of a molecule of 
water. Possibly its formation in the present case might be avoided 
by the use of a more dilute sulphuric acid. 
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Action of Acetic Anhydride on Ethylic Isophenanthroxylenp-acetate .— 
The iso-compound was heated with excess of acetic anhydride for 
three hours at 150°. As the solution, which was of a pink colour, 
deposited nothing on cooling, it was boiled with alcohol to destroy the 
excess of anhydride, and then concentrated. On cooling, large, well- 
shaped crystals separated, resembling in form those of copper 
sulphate, and melting indistinctly at 165—170°. It crystallises from 
benzene in thick needles. Analysis showed that a monacetyl deriva¬ 
tive, 0 ^ 5 ( 03 ^ 0 ) 04 , had been formed. 



Substance. 

CO,. 

H s O. 

I.... 

.... 0-1964 

0-5285 

0-0892 

II... 

.... 0 2444 

0-6562 

0-1113 


Calculated for 


Pound. 


C ju H 13 (C,F,0)0 i 

[• 

r 


r \ 


I. II. 

Cm . • • • 

... 264 72-93 


73*38 73*22 

H 4 g .... 

... 18 4-97 


5*04 5*06 

0 3 . 

... 80 22-10 


— — 


362 100-00 




The compound is identical with one of those described later, ob¬ 
tained by heating ethylic phenanthroxylene-acetoacetate with glacial 
acetic acid. On the other hand, the iso-compound does not yield this 
acetyl derivative when heated with glacial acetic acid, even at 150°. 

Some further reactions of this acetyl derivative will be described in 
connection with its preparation by the second method just referred to. 

Action of Phenylhydrazine on Ethylic IsoplimaiitJvroxijlene-aceto- 
acetate .—The iso-compound was hoated with phenylhydiazme in 
alcoholic solution for an hour at 130—140°. As nothing was de¬ 
posited on cooling, sufficient water was added to cause a slight tur¬ 
bidity, and on standing the hydrazone separated in aggregates of flat, 
yellow needles. The substance was recrystallised from a mixturo of 
benzene and light petroleum, and was thus obtained as a yellow, 
crystalline powder. Heated in a capillary tube, it began to change 
colour at 140°, was quite black at 200°, and molted with s strong 
decomposition at 210—212°. It dissolves in concentrated sulphuric 
acid with a deep blue colour. 

Analysis of the substance dried at 100° showed that a monohydr- 
azone, O^HieOs^HCeHs), had been formed:— 

I. 0-1515 gram gave 0-4245 CO s and 0*0737 H*0. 

II. 0-1046 „ 9*02 c.c. dry nitrogen at 16*5°, and under 

522 mm. pressure. Nitric oxide absent. 
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Calculated for 
C 26 H ffl N 2 0 3 . 

/-*-* 

Pound. 

r ' 

L H. 

C M . 

... 312 

76-10 

76-41 

— 

Us. 

... 22 

5-36 

6-40 

— 

2*3 . 

... 28 

6-83 

— 

7-01 

0 3 . 

... 48 

410 

11-71 

100-00 




Tlie iso-compoxtnd was then heated with plienylhydrazine in alco 
holic solution for two hours at 190“ in the hope that the hydrazono 
might split off water yielding a pyrazolone; but only the hydrazone 
was obtained as before. 

Ethylic phenanthroxylene-acetoacetate, on the other hand, does not 
appear to react with phenylhydrazine under ordinary conditions: 
thus no action took place when the two substances were heated 
together in alcoholic solution for one hour at 100°. The reaction has 
yet to be tried at a higher temperature. 

Action of Bromine on Ethylic Isoplienanthroxylene-acetoacetate. —Two 
grams of the iso-compound were dissolved in dry chloroform, and 
1 gram of bromine (also dissolved in chloroform) was added- As the 
colour of the bromine did not disappear, the solution was allowed to 
stand iu a desiccator over solid paraffin. After standing for a few 
hours, the colour of the liquid had changed to a light yellow, and 
fumes of hydrobromic acid were evolved, whilst well-shaped crystals, 
sometimes prismatic, sometimes tabular, had separated; these were 
rwashedUwith chloroform and air-dried in the dark. Precisely similar 
crystals were obtained by further spontaneous evaporation of the 
mother liquors. Heated in a capillary tube, both specimens began 
to blacken at 195—200°, and melted with decomposition at 217°. 
Analysis gave results which showed that a monobromo-dcrivativc, 
OaoHisBrOj, had been formed; but the carhon was found too high and 
the bromine too low. Calculated for CaoHiJBrO i: C, 00*15; H, 3*70; 
Br, 20*05. Pound: C, 61*27; H, 4*09; Br, 19*13. It, therefore, 
appeared that, iu spite of its homogeneous appearance, the bromine 
compound was contaminated with nnchanged substance. 

As it was clear from the foregoing that an additive compound was 
not formed, we did not pursue the subject further. 

Seduction of Ethylic Isoplimantfwosrylene-aceioacetate with Zinc and 
Hydrochloric Acid .—The iso-compound was dissolved in alcohol on the 
water-bath, and a little alcoholic hydrochloric acid and zinc filings added 
from time to time. After continuing the reduction for several hours, 
the solution was poured into water. The precipitated oily substance 
solidified after standing for some days, and was recrystalliscd from a 
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mixture of benzene and light petroleum. The first crop of crystals 
melted about 165—170°, and appeared to be unchanged substance. 
The mother liquor deposited a substance of lower melting point: this 
was recrystallised from ethyl acetate, and was thus obtained in well¬ 
shaped, colourless crystals of prismatic habit, melting at 128°, and 
identical with the compound of the formula C> 0 H 16 O 3 (m. p. 124), 
prepared by Japp and Streatfeild (Trans., 1883, 29) by warming 
the original condensation compound with hydriodic acid and amor¬ 
phous phosphorus. The smallness of the yield made further purifica¬ 
tion impracticable: the compound was therefore analysed, and gave a 
result which, although not good, left no doubt as to the formula:— 

0*1180 gram gave 0*3380 OOs and 0*0562 H,jQ. 


Calculated for 
C J0 H 16 O, 


C 20 . 240 78*95 

H 16 . 36 5*26 

O,. 48 15*79 


304 100*00 


Pound. 

78 12 
5*29 


The foregoing mode of formation shows that the compound cannot 
well have the constitution ascribed to it by Japp and Streatfeild. 

In preparing the compound by Japp and Streatfeild’s method, we 
found it better to omit the addition of amorphous phosphorus. 
Ethylio phenanthroxylene-acetoacetate was boiled for a short time 
with fuming hydi*iodic acid; the product was washed with water, 
freed from iodine by boiling with a solution of hydrogen sodium 
sulphite, and recrystallised from alcohol or from a mixture of benzene 
and petroleum. By working in this way, the red colouring matter 
which gave so much trouble in the original method of preparation 
does not appear to be formed. 

When this compound is heated with phenylhydrazine in alcoholic 
solution in a sealed tube at 100°, it forms a hydrazone, which separates 
from the hot solution as a yellow, crystalline powder, readily soluble 
in hot benzene, sparingly soluble in hot alcohol. Por analysis it was 
recrystallised from a mixture of benzene and petroleum, but the re- 
crystallisation was attended with loss, and the substance looked less 
pure than when merely boiled out with a little alcohol. It blackens 
about 190°, and is totally decomposed at 195°. A nitrogen deter¬ 
mination showed that amonohydxazono, OaoHieOs^HOoHg), had been 
formed. 


Substance. 

0*3027 


f dry 1ST + UO 9*02 c.c. 
I „ N. 9*02 „ 


A 

17° 

17 


536 mm. 
526 „ 




>» 
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Calculated for 

C2oH 16 0 2 (N2HC 6 Hs) . F ound. 

Kin 100 parts. 7*10 7 25 

Reduction of EtTiylic Isophenanthroxylene-acetoaretate with Hy dr iodic 
Acid .—The finely powdered iso-componnd was heated with excess of 
faming hydriodic acid in a sealed tube at 100° for 20 minutes. There 
was strong pressure in the tube on opening. The product was treated 
with water, boiled with hydrogen sodium sulphite to remove iodine, 
again washed, and recrystallised from boiling alcohol. It was de¬ 
posited in slender, fiat needles, with a brownish tinge, melting, 
not very sharply, at 215°. It can be obtained in white needles by 
sublimation. Analysis gave figures agreeing with the formula 
C 17 H 12 0:— 



Substance. 

C0 2 . 


h 2 o. 

I. 

... . 0-0946 

0-3056 


0-0452 

II_ 

. 0-1055 

0-3397 


0-0515 


Calculated for 



Found. 


C17H12O. 


/- 

-, 


f ^ 


I. 

n. 

C„. 

.. 204 87-93 


88*10 

87-81 

h 13 . 

.. 12 5-17 


5*30 

5-42 

0. 

.. 16 6'90 


— 

_ 


232 100-00 


The substance is formed from the iso-compound according to the 
equation 

QwHieO* + Hi = C l7 H 12 0 -t CJBVOH + C 0 2 . 

The reaction may be represented as occurring in three stages: in the 
first, the iso-compound is reduced to the compound C^H^O * (m. p. 
124°) 

C 17 H u 0 2 -C00C 2 H 6 + 2H = C 17 H u O*COOC 3 H« + H.O; 

in the second, this compound is hydrolysed, yielding a monobasic- 
acid :— 

OnHuO-COOCiHs + H>0 = C n H n O*COOH + C 2 H>OIl, 

which latter then parts with caibou dioxide:— 

C„H u O*COOH = C„H 13 0 + C0 2 . 

This compound is identical with that melting at 213° obtained by 
Japp and Streatfeild (Trans., 1883, 33) by heating the dibasic acid 
CifiH u 0 4 . On the strength of a combustion made with less than 0*07 
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gram they assigned to it, as already mentioned, the formula C u H 10 O. 
Wc have again prepared the substance by heating the dibasic acid, 
and find that it is indistinguishable in its physical properties from 
the foregoing compound obtained by the action of hydriodic acid on 
the iso-compound. Analysis also gave figures agreeing with the 
formula Ci 7 Hi 2 0 , which formula, moreover, better accounts for the 
formation of this compound from the dibasic acid than that formerly 
given:— 

CiflHi 2 (COOH) 2 — Ci 7 Hi 2 0 -j- CO 2 H a O. 

In the formation of the dibasic acid from the compound CooH 16 Oi 
(m. p. 124°) by the action of caustic alkalis, a closed chain (probably a 
penta-carbon ring) is opened; in the formation of the compound 
CtfHujO from the dibasic acid, this ring is closed again. The com¬ 
pound CnH 12 0 is probably a ketone containing the carbonyl group in 
a penta-carbon ring; but its constitution has yet to be studied. 

Hydrolysis of lathy lie Isophenanthroxylene-acetoacetate with Caustic 
Alkali .—The iso-compound dissolves readily in hot aqueous caustic 
soda, and from the solution hydrochloric acid precipitates the new 
acid as a white, crystalline powder. The yield is quantitative. It 
may be purified by recrystallisation cither from alcohol, which deposits 
it in flat, satiny needles, or from glacial acetic acid, from which it 
separates in slender needles. It softens at 265°, and melts with 
decomposition at 267—269°. 

Analysis gave figures agreeing with the expected formula 
OjsHljO* 

0'2213 gram gave 0*6001 C0 2 and 0*0832 H 2 0. * 


Calculated for 
^ 18 ^ 0 ^. 



, - 

A 

\ 

Found. 

0l3 . a * • 

... 216 

73-97 

73-95 

H u . 

... 12 

4-11 

4-17 

0* . 

... 64 

21-92 

— 


292 

100-00 



The acid has been formed by the hydrolysis of the ethyl salt, and 
may therefore be called isophenanthroxylene-acetoacetic acid . 

It dissolves readily in ammonia, and from the solution barium 
chloride and calcium chloride precipitate gelatinous barium and 
calcium salts. In like manner, the silver salt was obtained as a white, 
apparently crystalline precipitate; it was washed with water, dried 
over sulphuric acid, and analysed. Different preparations did not 
give concordant results; but the figures left no doubt that the acid 
was monobasic. Calculated for CisHnO^Ag: Ag, 27*06 per cent. 
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Found: 27*23 and 20*05 per cent. The carbon, in both preparations 
*was found too low, so that the salt is evidently difficult to obtain 
pure. 

The copper salt, prepared in the same way, formed a light-green 
powder. For analysis it was air-dried at ordinary temperatures. 

0*1562 gram, when heated at 1*20°, lost 0'0315 gram H 2 0. 

Calculated for • 

(C^HnO^sCu + 9H s O. Pound. 

H s O in 100 parts. 20*7 2016 

0*1227 gram anhydrous copper salt gave on ignition 0*0144 OuO. 

Calculated for 

(CjsHiAJaCu. Found. 

Cain 100 parts. 9 77 9 35 

The carbon in this specimen was 1 per cent, too high (67*94, in¬ 
stead of 66*93), so that this salt was also impure. 

Action of Caustic Potash on Ibophenanthroxylene-acetoacetic Acid .— 
As some of the compounds obtained from ethylic phenanthroxylcnc- 
acetoacetate are converted, by the action of caustic alkali, into salts 
of dibasic acids, we made an experiment for the puiposo of ascertain¬ 
ing whether any such change could be effected in the case of isophon- 
snthroxylene-acetoacetic acid. The reaction, however, took a wholly 
different course. 

The acid was heated with excess of strong aqueous potash in a 
sealed tube at 150° for two hours. There was no pressure on opening 
the tube, and a solid substance had separated. The contents of the 
tube were poured into water, and the solid substanco was separated 
by filtration, washed, and dried. As it was insoluble in ihe ordinary 
organic solvents of low boiling point, it was dissolved in boiling 
phenol, and the solution poured into hot; alcohol, which caused the 
substance to separate almost immediately as a pale-yellow, crystalline 
powder. It was washed with boiling alcohol and dried for analysis. 
It did not melt even at 300—310°. An analysis, which had to bo 
made with a very small quantity of substanco, gave figures which 
agreed, although not well, with the formula C n H 10 O. The same sub¬ 
stance may, however, be obtained in greater quantity by the action of 
acetic anhydride on isophenanthroxylene-acetoacetic acid (oide infra). 
Analyses of the substance from this source are given later on. 

0*0793 gram gave 0*2563 CO s and 0*0348 HA 
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Calculated for 


t -*-- jeouna. 

Gw. 204 88*70 88*14 

H xo . 10 435 487 

0. 16 6*95 — 


230 100 00 

The substance is formed according to the equation 


Ci 8 H 12 04 — Ci 7 H 10 O -f CO2 4* H3O. 

Action of Acetic Anhydride on Isophenanthroxylene-acetoacetic Acid .— 
The acid was heated with acetic anhydride in a sealed tube for one 
hour at 150°. There was a slight pressure in the tube on opening. 
A substance crystallising in long, pale-yellow needles had separated; 
these were filtered off and thoroughly boiled with alcohol, in which 
they are quite insoluble. After this treatment they were washed with 
boiling alcohol, dried, and analysed. The compound has the formula 
C17H10O, and is identical with the foregoing obtained by the action of 
caustic potash. 



Substance. 


CO* 


EUQ. 

I. 

.. 0-2353 


0-7654 


0-0927 

n. 

,.. 0-1165 


0-3776 


0-0460 


Calculated for 



Pound. 


C*H 

wO. 


— 

- K. 


f - - 

A 


L 

n. 

On • • • • 

.... 204 

88-70 


88-71 

88-39 

... 

.... 10 

4-35 


4-37 

4-88 

O. 

.... 16 

6-95 


— 

— 


230 

100-00 





The acetic anhydride mother liquor from these crystals was boiled 
with alcohol for some time and allowod to stand. It deposited light- 
brown crystals, which were purified by recrystallisation from ethylic 
acetato, and then formed small, transparent, pale-yellow, oblique 
plates melting constantly at 224—226°. At this temperature there 
is no decomposition, but gas is evolved on heating to 235—240°. 

This compound is much more readily obtained by merely boiling 
isophen anthroxylene-acetoacotio acid with acetic anhydride until the 
insoluble compound OnH i0 O begins to separate, which occurs after 
from 20 to 30 minutes. Alcohol is then added, and the solution is 
filtered hot; the filtrate deposits the new compound, which is then 
purified as already described. Acetic acid may also be used as a 
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solvent, and deposits the substance in small, shining plates of the 
foregoing melting point. 

Analysis gave figures agreeing best -with the formnla C 19 H 14 O 4 , 
although the formation of a compound CigH 16 0 4 could be more readily 
accounted for. 


Substance. 

I. (H82S 

ir. 0-1842 

III . 0*2145 

IV . 0*2068 

Calc, for Calc, for 
C w H 14 0 4 . C 10 H 16 O 4 . 

C. 74*51 74-02 

H. 4-58 5-20 

0. 20*91 20*78 


100*00 100-00 


CO.. 


H s O. 

0-4954 


0-0815 

0-5012 


0-0842 

0-5846 


0-0910 

0-5634 


0-0843 


Pound. 

_1 

7 

11. 

III. IV.' 

73-91 

74-20 

74-32 74-30 

4-95 

5-07 

4-71 4-52 


Analyses I and II were made with substance recrystallised from 
ethyl acetate, III and IY with substance recrystallised from acetic 
acid. 

We must leave the formula of this compound undecided for the 
present. 


Action of Acetic Acid on Ethylic Phenanthroxylene-acetoacetate. 

Three compounds are formed in this reaction. 

When ethylic phenanthroxylene-acetoacetate is dissolved in glacial 
acetic acid and the solution boiled, slender, colourless noodles speedily 
begin to separate from the boiling liquid. As the presence of this 
solid substance produced bumping, it was found more convenient to 
heat the ethylic phenanthroxylene-acetoacetate with acetic acid in a 
sealed tube at 130—140°. In this way we obtained from 5 grains of 
the condensation compound 1-5 grams of the new product. The 
mother liquor was pink-coloured. 

The new compound was separated by filtration, -washed with boiling 
acetic acid, and dried for analysis. It is practically insoluble in the 
ordinary organic solvents of low boiling point, but dissolves in high 
boiling solvents, snch as phenol and ethyl benzoate, and may be pre¬ 
cipitated in a crystalline form from these solutions by the addition of 
alcohol. When heated in a capillary tube it decomposes, apparently 
without melting, at about 285°. 

It gave figures agreeing with the formnla QaHxA, showing that it 
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had been formed from the condensation product by the abstraction of 
1 mol. of water. 



Substance. 

CO a . 

h 2 o. 

T. 

... 0-1897 

0*5533 

0 0822 

II. 

... 0-1895 

0-5517 

00827 


Calculated for 


Found. 



( - 

—*-^ 


r -*— - -i 

I. 

11 . 

C 20 • • • • 

.... 240 79-47 

79 55 

79-40 

H 14 . . . . 

14 4-64 

4-81 

4-84 

O 3 .... 

.... 48 15-89 

— 

— 


302 100-00 




The same compound is formed, as already mentioned, along with 
ethylic isophenanthroxylene-acetoacetate by the dehydrating action of 
sulphuric acid on ethylic phenanthroxylene-acefcoacetate. 

Strange to say, this abstraction of water could not be effected by 
boiling ethylic phenanthroxylene-acetoacetate with acetic anhydride; 
but by heating it in a sealed tube with the anhydride for one hour at 
150°, the compound 02oH 14 0 3 , together with the compound CaHisO* 
(also formed in the acetic acid reaction, v. infra), was formed. A 
similar observation has been made by Zincke (Ber., 10,1475), who 
found that water could be eliminated from benzpinacone by heating 
the latter with glacial acetic acid, but not with acetic anhydride. 

The relation of the compound O^HuO* to the compound C n H 10 O is. 
perhaj^ expressed by the foimula C 17 H 0 O (COOC 2 H 6 ) ; but this point 
requires further study. The compound is not hydrolysed by strong 
aqueous potash. 

The acetic acid mother liquor resulting from the preparation of the 
compound O^HnOa was poured into water. A dark-rod, soft sub¬ 
stance separated which soon solidified; this was dried and treated 
with benzene, in which the greater part of it dissolved; the insoluble 
residue will be described later on. As the benzene solution, even 
when concentrated, did not deposit the substance in a satisfactory 
form, the benzene was expelled, and the residue was extracted with 
hot light petroleum (b. p. 90—120°) which dissolved it only sparingly, 
but deposited it in well-shaped crystals of a pinkish colour. After a 
further recrystallisation from alcohol, it was obtained colourless, and 
melted indistinctly at 165—171°. This substance proved to be identi¬ 
cal with the acetyl derivative of ethylic isophenanthroxylene aceto- 
acetate, already described. Calculated for C 2 oHi 5 (C*H 8 0 ) 04 : C, 72*93; 
H, 4*97 per cent. Found: C, 73*06; H, 4*91 per cent. 

Boiling with aqueous caustic soda readily hydrolysed this com- 
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pound and yielded a salt of isophenan thro xylene-ace toacefcic acid, the 
acetyl group being estimated in the process. The purified acid 
melted at 260—270° (softening at 265°), and gave on analysis: 
0,74*00; H, 4*38 per cent. Calculated for CisHiA: C, 73*97; H, 4*11 
per cent. 

The monacetyl compound was also heated in alcoholic solution with 
excess of phenylhydrazine at 100°. A yellow, crystalline substance 
separated, which was purified by dissolving it in hot benzene and 
pouring the solution into hot light petroleum, when it was deposited 
in minute, yellow needles. When heated in a capillary tube, it turned 
dark at about 190° and melted, with complete decomposition, about 207 \ 
It dissolved in concentrated sulphuric acid with a dark-blue colour. 
It is identical with the hydrazone of ethylic isophenanthroxylene- 
acetoacetate already described, and is formed from the acetyl deriva¬ 
tive with elimination of the acetyl group, doubtless according to the 
equation 

C*H 15 (C 3 H 3 0)0, + 2C g H 0 -N 2 H 3 = OJff M O 1 (N J H-O i H0 + 

C 3 H 3 0-N,H/C 0 H 5 + HA 

Calculated for C 2 oH 1 60 J (lSr 3 H*C 6 H 0 ): C, 76*10; H, 5*36 per cent. 
Found: C, 76*76; H, 5*64 per cent. The formula 

C 2u H lB (C 2 H i O)0 3 (WC b H fi ), 

which is that of a hydrazone formed from the acetyl compound mth- 
out elimination of the acetyl group, would require only 74*34 per cent, 
of carbon. 

The third compound formed by the action of acetic acid on ethyl ie 
phenanthroxylene-acetoacetate is that which is left undissolved when 
the substance precipitated with water is extracted with benzene*. 
This compound is formed only in small quantity, and it was necessary 
to unite the products of several preparations in order to obtain enoug h 
for analysis. It was purified by recrystallisation, first from hot glacial 
acetic acid, afterwards from ethyl acetate, the latter solvent giving 
the best results. It was thus obtained in transparent, yellow, rect¬ 
angular plates melting at 227°. Analysis gave figures agreeing with 
the formula C 4 JI 3 A, which is that of a compound formed from 
2 mols. of the foregoing monacetyl compound with elimination of 
1 mol. of water:— 

20 ^( 0 ^ 30 ) 0 , = C4 0 H 38 (CaH 3 O) J O 7 + HA 

This higher molecular weight is in keeping with the more sparing 
solubility of the compound. 

0*2857 gram gave 0*7816 C0 3 and 0*1283 HA 
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Calculated for 



OjoHgs (O 2 H 3 O) gOy. 



( - 


Found. 

Gu . 

_ 528 

74-79 

74-61 

H* . 

_ 34 

4-82 

4-98 

Oo. 

_ 144 

20-39 

— 


706 

100-00 



Jt is to "be noted that ethylic uwphenanthroxylene-acetoacetate may 
be heated with glacial acetic acid, even at 150°, without yielding any 
of these compounds. 


Action of Propionic Acid on JEJthjjlic Plienanthroxylme-acetoacetiLte, 

The action of propionic acid closely resembles that of acetic acid, 
except that no compound corresponding with CuH^Og was isolated— 
possibly because the reaction was conducted on too small a scale. 

Ethylic phenanthroxylene-acetoacetate was heated with propionic 
acid in a sealed tube for one hour at 140°. There was no pressure on 
opening the tube, which contained a crystalline compound and a pink 
liquid. The crystalline compound was separated by filtration; it 
consisted of slender, silky needles, insoluble in the ordinary organic 
solvents of low boiling point, and was identical with the compound 
CaJEtnOa, already referred to, obtained by the action of glacial acetic 
acid on ethylic phenanthroxylene-acetoacetate. 

The pink-coloured mother liquor was poured into water, and the 
precipitated substance was dried and dissolved in light petroleum 
(b. p. 90—120°). After standing for some days, the petroleum 
solution deposited tufts of red crystals; these were then twice recrys¬ 
tallised from alcohol, after which they melted constantly at 134°. 
The crystals were well shaped, but still retained their red colour, 
which was, of course, duo to the impurity already mentioned. Analysis 
(v. infra ) gave figures agreeing with the formula CgsHgoOg. 

We then prepared the same compound by heating ethylic isophen- 
anthroxylene-acetoacetate with propionic anhydride for three hours 
at 150°. It resembled in every respect the forogoing. The compound 
has, therefore, the formula Ca,Hi 5 (C 3 H 50 )Ch. 

Substance. COg. H a O. 

I. 0-1915 0*5164 0*0924 

II. 0-2159 0-5808 0-1024 


VOL. L1X. 
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Calculated for 
C so H 15 (C s H 5 0)0 4 . 

t -■"*-\ 

Ca,. 276 73-40 

. 20 5-32 

Os. 80 21-28 

376 100-00 

An al ysis I was made ■with, substance prepared from propionic acid 
and ethylie ph enan throxylene-aoetoaoetate; II, with substance from 
the iso-compormd and propionic anhydride. 


Pound. 

£ * n. 

73-54 73-36 

5-36 5-27 


Action of Sulphuric Add and Alcohol on Ethylie Phenanthrowjlene- 

acetoacetate. 

The results obtained in this reaction differ greatly, according to the 
relative proportions o£ alcohol and sulphuric acid employed. 

Action of Alcohol containing a few drops of Sulphuric Acid .—Ethylie 
phenanthroxylene-acetoacetate was dissolved in a slight excess of hot 
absolute alcohol, a small quantity of concentrated sulphuric acid 
(3 drops for every 5 grains of the condensation product) was addod, 
and the whole was heated on the water-bath for three hours. After* 
standing over night, the solution was filtered from a little impure 
substance which had separated, after which it was precipitated with 
water. The precipitated substance was twice recrystallised from 
alcohol, and was thus obtained in pinkish, tabular, rectangular 
crystals, melting constantly at 143—144°. The pink colouring 
matt& was partially removed by recrystallisation from light petro¬ 
leum. 

Analysis agreed with the formula C 23 H 2 A:— 

Substance. C0 2 . U 2 0. 


1. 0*1803 0*5012 0*0941 

II. 0*1894 0 5279 0*0997 

Calculated for Found. 

QnBaiAt* t -*-- 


Ca. 264 75*86 75*81 76*01 

. 20 5*75 5*79 5*84 

0 4 . 64 18*39 — _ 


348 100*00 

Different preparations were analysed. 

The componnd is formed according to the equation_ 

Ca>H 16 0 4 4- C 2 H 5 *OH = CaHaA + HA 
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The formula OaJBT^Oi may be expanded into 

CitH I0 O(OO 2 H s ) (COOC 2 H 5 ). 

The behaviour of this compound towards phenylhydrazine and caustic 
alkalis shows that it is closely related to the hydriodic acid reduction 
compound, C^HisO* (m. p. 124°), the formula of which may be written 
CnH I iO(OOOC 2 H 5 ). The compound CosH^Oi is thus the ethoxy-de¬ 
rivative of the reduction compound. Both these compounds form 
hydrazones, showing that they contain a carbonyl group; and both 
are hydrolysed by caustic alkalis with simultaneous assumption of the 
elements of water, yielding dibasic acids; the carbonyl group being 
converted in this process into a carboxyl group :— 

C„H u O(COOC 3 H 5 ) + 2H 3 0 = C 16 H 12 (COOH) 3 + O^Hs-OH. 

Reduction compound Dibasic acid 

(m. p. 124°). (m. p. 295°). 

C n H 10 O(OC 3 H 5 ) (COOC ,H 5 ) + 2H s O = O ie H 11 (OC 3 H J )(COOH) 8 . 

Ethoxy-compound Dibasic ethoxy-acid 

(m. p. 141°). (m. p. 203°). 

This conversion of the carbonyl into the carboxyl group must be 
accompanied by the opening up of the closed chain containing the 
carbonyl group. 

Ethylic isophenanthroxylene-acetoacetate may be formulated 
CnHioO (OH) (COOC 2 H 6 ), and it might, therefore, appear that the 
foregoing ethoxy-compound was derived from it by the substitution 
of ethyl for the hydrogen of the alcoholic hydroxyl group. We do not 
consider, however, that this view is tenable. The iso-compound, when 
treated with alkali, is merely hydrolysed, yielding a monobasic add; 
whereas if it had a constitution analogous to thatof the ethoxy-compound 
or of the reduction compound, it ought to yield a dtfba&ic acid, since a 
hydroxyl group attached to a closed chain would probably render 
that closed chain more susceptible to the attack of alkalis than would 
an ethoxy-group, and certainly more than a hydrogen atom. It 
seems, therefore, necessary to assume that the closed chain contained 
in the iso-compound and its derivatives has a different constitution 
from that contained in the ethoxy-compound and in the reduction 
compound; and as the reduction can he obtained from the iso-com¬ 
pound, we must further assume that this change in constitution occurs 
during the reduction. Further experiment will be necessary to enable 
us to decide wherein this difference of constitution consists. 

A further argument against the view that the ethoxy-compound is 
a direct derivative of the iso-compound is to be found in the feet that 
the latter compound is not etherified when treated in the foregoing 
manner with alcohol and sulphuric acid. 

c 2 
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Action of Phenylhydrazine on the Ethoxy-compound. —When the 
ethoxy-compound is heated with phenylhydrazine in alcoholic solu¬ 
tion at 100°, it forms a yellow hydi’azone, very similar to that obtained 
from the iso-compound, and, like the latter, giving a blue coloration 
with concentrated sulphuiic acid, but distinguished from it by its 
insolubility in benzene. It melts very indistinctly, with decomposi¬ 
tion, at about 220°. A nitrogen determination agreed with tko 
formula C 17 H 10 (N 2 H-C 6 H 5 ) (OCA) (COOC 2 H 6 ). 

0*1609 gram gave 13*50 c.c. dry nitrogen at 16° and under 482 mm. 
pressure. Nitric oxide absent. 

Calculated for 
C^HjglSoOg. Pound. 

N in 100 parts .... 6*39 6*31 

Action of Caustic Potash on the Ethoxy-compound. —The ethoxy-com¬ 
pound, when boiled with aqueous caustic potash, yielded a pale yellow 
solution, from which hydrochloric acid precipitated the organic acid 
as a reddish oil, which solidified on cooling. The substance was 
purified by dissolving it in ethylic acetate, adding light petroleum to 
the hot solution until a slight turbidity was produced, and filtering 
from the first impure portion which separated. The filtrate deposited 
tufts of crystals. These were again treated in the same way, and 
were thus obtained colourless. They melted, with decomposition, at 
203°. Benzene may also be employed as a solvent; the hot solution, 
on cooling, deposits nearly the whole of the substance in minute, 
colourless needles. Analysis gave figures agreeing with the formula 
C 16 E u (OC 2 H 6 )(COOH) 2 


Substance. C0 2 . H s O. 

1. 0-2009 0*5250 0*0984 

H........ 0*2429 0*6339 0*1198 

Calculated for Pound. 

CsoHisO,. f - A -^ 

/-*-x I. II. 

Cjso. 240 71*01 71*27 71*17 

Hu. 18 5*32 5*44 5*48 

O fi . 80 23*67 — — 


338 100*00 

The mode of formation of this add has already been discussed. 

The acid readily dissolves in aqueons ammonia, and the neutral 
solution of the ammonia salt gives white precipitates with silver 
nitrate and lead acetate and a blnish-green precipitate with copper 
snlphate. The silver salt was prepared for analysis. Tt was washed 
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with hot and then with cold water, and diied in a vacuum. In spite 
of this it contained, according to analysis, a molecule of water of 
crystallisation; bnt this water was not determined directly :— 


Substance. 

CO,. 

h 2 o. 

Ag. 

I. 0-2722 

0*4214 

0-0798 

9-1O30 

II. 0-2740 

0*4246 

0 0773 

01035 


Calculated for 

Found. 


QaolliGAgiOgjHgO. 
t " * \ 

€~ 

II. 

Oa,. 

240 42-11 

42-22 

42-26 

H®. 

18 3-16 

3-25 

313 

Ags. 

216 37-89 

37-84 

37-77 

0 8 . 

96 16-84 

— 

— 


570 100-00 




The methyl ester was also prepared. For this purpose, 3 grams of 
the acid were heated in a sealed tube with 15 grams of methyl alcohol 
and 10 grains of concentrated sulphuric acid for three hours at 100°. 
There was a strong pressure (of methyl oxide) on opening the tube. 
The turbid solution was precipitated with water and the precipitate 
recrystallised from boiling methyl alcohol. The ester was thus 
obtained in slender, colourless needles melting at 125°. 

Analysis gave figures agreeing with the formula 

Ci 6 H n (0 C*Hb) (GOO OH j) 8 . 

0*1216 gram gave 0 3215 00, and 0*0655 H,0. 


Calculated for 

C^iIgjOg. 

( -*-, Found, 

C*. 204 72*13 72*10 

EL*. 22 6*01 5*98 

0 5 . 80 21*86 — 


366 100*00 

The ester was insoluble in carbonates. Caustic alkali hydrolysed 
it, and the regenerated dibasic acid melted at 202°. 

Along with the foregoing ester there was formed a crystalline sub¬ 
stance, insoluble in methyl alcohol, melting, with evolution of gas, at 
243°; but the quantity was too small for further examination. 

Action of Alcohol , with a Large Proportion of Sulphuric Add, on 
LJthylic Pkenmthroxylme-acetoacetate .—Five grams of ethylic phen- 
anthroxylene-aceto&cefato were heated with a mixture of 12 grams 
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of concentrated sulphuric acid and 15 grams of absolute alcohol, in a 
sealed tube, at 100°, for one hour. A solid substance had separated, 
and there was considerable pressure in the tube. The contents of 
the tube were poured into water, and the precipitate thus obtained 
was filtered off and boiled with alcohol, which separated it into a 
soluble and an insoluble portion. The soluble portion, after purifica¬ 
tion, proved to be identical with the compound C 22 H 20 O 4 (m. p. 144°), 
already described, obtained by boiling the condensation product with 
alcohol containing a few drops of sulphuric acid. The portion •in¬ 
soluble in alcohol was dissolved in boiling phenol and reprecipitated 
by pouring the solutions into boiling alcohol, when it separated at 
once in yellow, glistening, microscopic, six-sided plates. It melted 
with decomposition, but without blackening, at 276—277°. The 
yield was very small, only 0*17 gram being obtained from 5 grams of 
the condensation product. Analysis led to the formula C 17 H 12 O 2 . 
0*1523 gram gave 0*4596 C0 2 and 0*0666 H s O. 

Calculated for 





t - 

1 

Pound. 

o». 

.... 204 

82*26 

82-30 

h b . 

.... 12 

4'84 

4-86 

o*. 

.... 32 

12-90 

— 


243 

100-00 



The compound is formed according to the equation 

OaoHieOj, + H 2 0 =: C17H12O2 H - G a H e *OH -I" OO a , 

and, therefore, the alcohol used iu its preparation merely acts as a 
solvent and diluent. 


Action of Alcoholic Hydrogen Chloride on Bthylic 
Phenanthroxylene-aceioacetate. 

20 grams ot ethylic phenanthroxylene-acetoacetate were dissolved in 
boiling absolute alcohol, and twice the volume of saturated alcoholic 
hydrogen chloride was added to the hot solution. After standing 
over night, 12 grams of a compound containingbhlorine had separated. 
It proved to be somewhat difficult to purify, but by repeated re¬ 
crystallisation, both from alcohol and from a mixture of benzene and 
light petroleum, it was obtained in flat, lustrous needles melting at 
145—146°. A faint, brownish tinge could not be removed. The 
jsubstance is readily soluble in hot alcohol and hot benzene, less 
soluble in hot light petroleum. 
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Analysis gave figures agreeing with the formula C 2 oH 15 C10 3 . In 
the combustions a silver spiral was employed to absorb the chlorine. 

Substance. C0 2 . JELO. 


1. 01992 0*5198 0-0811 

H. 0-1928 0-5026 0*0809 


III. 0‘4045 gram gave 0*1667 gram AgCl (Carius). 


Calculated for Found. 

C20H15CIO3. ( -*— 

_A _ T TT 


t -"-\ A. XI. 111. 

Cso. 240-0 70*90 71-16 71*19 — 

H 15 . 15-0 4*43 4-52 4-66 — 

Cl. 35-5 10*49 — — 10-19 

0 3 . 48*0 14-18 — — — 


338*5 100-00 

The compound has been formed according to the equation 

CsoHigOi -f" HC1 — O 30 H 15 CIO 3 -}*■ HaO. 

Action of Ammonia on the Compound C 2 oHi B C10 3 . —When the com¬ 
pound CaoHtfClOa is dissolved in hot alcohol, and an excess of alcoholic 
ammonia is added, the solution assumes a deep-red colour, and, on 
standing, deposits small, yellowish crystals, whilst the colour of the 
liquid becomes gradually fainter, and at last disappears almost 
entirely. It is advantageous to work with a dilute solution, as in this 
way the substance is deposited at once in an almost pure condition; 
and this is of importance, as it cannot easily be purified by recrystal- 
lisation. It dissolves readily in acetic acid, but does not separate 
again from the solution. Alcohol dissolves it on prolonged boiling, 
but does not deposit it in a crystalline form. Ethyl acetate dissolves 
it only slightly, and deposits it in minute crystals. It melts, with 
decomposition, at 267°. It does not contain chlorine. 

Eor analysis, the substance was not recrystallised, but merely boiled 
out with ethyl acetate, and dried at 100°. It gave figures agreeing 
with the formula CioH^lTOe. 



Substance. 

CO* 


H s O. 

I. . 

. 0-2217 

0-6260 


0-1039 

II.. 

. 0-2336 

0-6613 


0-1100 

Substance. 



A 


in. 0-1173 -j 

F dry IT + NO 

IT 

L ,, XI . • 

9*02 c.o. 
9-02 „ 

19° 

19 

206 mm. 
203 „ 

IY. 0*1548 i 

fcbyn + no 

9-02 „ 

19 

259 „ 

.. 

‘ 9 02 „ 

19 ' 

253 „ 
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Calculated for 
C 41) H 4I N0 6 . 

* 


0«. 480 77*30 

31 4*99 

N. 14 2*25 

0 6 . 96 15*46 


621 100*00 


Found. 


I. 

II. 

III. 

IY. 

75-00 

77-20 

— 

— 

5-20 

5-23 

— 

— 

— 

— 

2*42 

2*30 


The formula CioH^NOs may possibly he resolvable into 
(C 2 oH 15 O j ).jNH. The compound is formed according to the equation 

20^0103 + NH 3 = (OaoH^Oa) jNH + 2HC1. 


Action of Alcoholic Potash on JJJtliylic Phenanthroxylene-acetoacetafe. 

Bthylic phenanthroxylene-acetoacetate was dissolved in hot methyl 
alcohol, the solution was cooled quickly, and before anything lxad 
time to separate, a cold solution of caustic potash in methyl alcohol 
was added, and the mixture was allowed to stand in a corked flask 
for two days. A small quantity of a dark-brown powder, which had 
separated, was filtered off, but nothing was obtained from this. .The 
filtrate was poured into excess of water, which caused a slight 
separation of an amorphous substance, and the diluted liquid was 
allowed to stand in a shallow basin for two days, in order to get rid 
of the methyl alcohol. This occasioned a further separation of 
amorphous substance, which was removed by filtration. On acidifying 
the filtrate with hydrochloric acid, a flocculent, yellow precipitaio of 
an organic acid was obtained. When freshly precipitated, this acid 
redissolves in alkaline carbonates, but becomes insoluble by keeping. 
The acid, separated by filtration, and pressed to free it from excess of 
moisture, was at once dissolved in alcohol in the cold. Heating with 
alcohol prevents at from dissolving; and if the solution, prepared in 
the cold, is heated, insoluble matter separates. A portion of the 
alcoholic solution was allowed to stand, but this yielded chiefly oily 
products, and all attempts to purify this unstable acid failed. Another 
portion of the alcoholic solution was heated in a sealed tube at 100°, 
when almost immediately a separation of minute, glistening, yellow 
crystals was observed. As the quantity of this substance did not 
appear to increase after half an hour’s heating, the tube was allowed 
to cool, which occasioned the separation of an oily substance. No 
pressure was observed on opening the tube. The substance was 
collected on a filter and washed with boiling alcohol, which removed 
the oily matter. The crystalline substance was insoluble in the 
ordinary organic solvents of low boiling point. It was purified by 
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dissolving it in hot phenol and ponring the solution into "boiling 
alcohol, when it separated immediately as a yellow, crystalline 
powder, which, under the microscope, was seen to consist of minute 
needles, generally grouped in stars or crosses; no six-sided plates 
could be observed. It melted, with decomposition, at 259°. The 
yield was very small. 

Analysis gave figures agreeing with the formula CnHj»Os. 

0*1000 gram gave 0*3024 C0 2 and 0*0423 H 2 0. 



Calculated for 

Ci 7 H 12 0 2 . 

__ 

Found. 

C 17 . 

... 204 

82-26 

82-47 

Hi 2 . 

... 12 

4-84 

4-70 

o,. 

... 32 

12-90 

— 


248 

100-00 



This would make it isomeric with the compound obtained by heat¬ 
ing ethylic phenanthroxylene-acetoacetate with a mixture of alcohol 
and concentrated sulphuric acid. As this latter compound, however, 
only differs from it in its somewhat higher molting point (277°), and 
in being precipitated from its solution in phenol in the shape of 
minute, six-sided plates, instead of in needles, we would not lay too 
much stress on this supposed isomerism, especially as we were dealing 
with such small quantities of substance. The two compounds may 
be identical. 


Action of Ammonia on JEJthylic Phenanthroxylene-acetoacetate. 


Ethylic phenanthroxylene-acetoacetate was heated with excess of 
alcoholic ammonia in a sealed tube at 100° for an hour and a half. 
On allowing the solution thus obtained to stand, a substance crystal¬ 
lising in groups of lustrous, yellow laminte was deposited. By 
recrystalhsation from benzene it was obtained in small tufts melting, 
■with decomposition, at 168°. 

Analysis does not decide between the two formula) CioJEIaJ^Os and 

0*H w NA. 


Substance. 


I . 0*2069 

II . 0*2175 


Substance 

III. 0-1282 J + F0 

l „ 3*. 

IV. 0-1453 { **7 N + W ° 

l » IT. 


CO* 


H s O. 

0-5514 

0 

1-1140 

0-5792 

0-1177 

«. 


P- 

13-50 c.c. 

16-5' 

3 503 mm. 

13-50 „ 

16-5 

484 „ 

13-50 

15-2 

592 „ 

13-50 „ 

15-2 

W2 „ 
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Found. 


c... 

Calc, for 
C^oHssN^Og. 

... 73-40 

Calc, for 

C 40 H 40 N 4 O 5 . 

73*17 

' I. 
72-68 

-A- 

II. 

72-62 

III. 

IV 1 

r 

H... 

... 5*81 

6-09 

6-12 

6-01 

— 

— 

N... 

... 8-56 

8-53 

— 

— 

8-09 

8-46 

0 ... 

... 12-23 

12-21 

— 

— 

— 

— 


100-00 

100-00 






A compound of the formula CioHsaN^Os would he formed according 
to the equation 

2CooH 16 04 + 4NH 3 = OooHaaNA 4- 3H 2 0, 

whilst the formation of a compound C 40 H 40 N 4 O 3 would involve a 
simultaneous process of reduction. 

As already mentioned, we must reserve a fuller discussion of the 
constitution of the various compounds described in this paper until 
more experimental material has been collected. 

We have also obtained a condensation compound from benzil and 
efhylic acetoacetate. It belongs to a different class from the 
phenanthraquinone compound, and will be described later. 

Hoyal College of Science , 

London* 


II.— Contributions to the Knozoledge of Mucic Acid • Part TV. Action 

of Phosphorus Pentachbride on Mucic Acid . 

By S. Bxjhbmajsn, Ph.D., JLA., and S. F. Dofton, B.A., B.Sc. 

The investigation described in this paper was suggested by tho 
experiments which one of ns carrifed out in conjunction with W. J. 
Elliott, with the object of isolating the substances formed along with 
dichloromnconic acid, when mucic acid is treated with phosphorus 
pentachloride in the manner described by Bode. The result of the 
inquiry was the discovery of an acid isomeric with that found by 
this chemist and called by us j 8 -dichloromuconic acid (Trans., 1890, 
931). 

Guided by the view that the chlorides of these two acids cannot be 
formed directly by the action of phosphorus pentachloride on mucic 
acid, but result from the splitting off of hydrogen chloride from 
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tetrachioradipyl chloride, which may be formed as an intermediate 
product, we studied the action at a lower temperature than that 
recommended by Bode. 

Though under these circumstances we found that tetraehloradipyl 
chloride is not formed, yet a few experiments led to observations 
which seemed interesting enough to pursue. 

Pho^phodichloromuconic Acid . 

• 

Phosphorus pentachloride has hardly any action on dry mucic acid 
at the ordinary temperature, but on adding phosphorus oxychloride 
to a mixture of 6 mols. of the chloride with 1 mol. of the acid, a 
slight evolution of heat takes place, and hydrogen chloride is given off. 
The reaction, when allowed to continue without warming, comes to 
an end after about 24 hours The flask now contains a white, crystal¬ 
line substance suspended in the oxychloride, and also some unaltered 
phosphorus pentachloride which collects on the bottom of the vessel. 
On pouring off the oxychloride and the crystalline product suspended 
m it from the pentachloride, and gradually adding the mixture to 
powdered ice, the crystals are left undissolved. The latter are, how¬ 
ever, slowly dissolved by cold water, more rapidly when heated, with 
the exception of a small quantity of a white powder which is no 
doubt unchanged mucic acid; the aqueous filtrate does not deposit 
any a-dichloromuconic acid, so that, under the conditions described 
above, no dichloromnconyl chloride is formed. On carefully con¬ 
centrating the solution on the water-bath, or in a vacuum over 
sulphuric acid, large, colourless, rhombic crystals separate out,*which 
are very soluble in water and alcohol, the solution having a strongly 
acid reaction. 

For analysis the recrystallised substance was dried in air, and gave 
numbers corresponding with the formula CeH 4 CI g 0 4 , 2 HJ? 04 + 4 H* 0 . 

Found. 

_ A _ 

Theory. I. H. IIL IV? 


C. 15-03 15 24 15-26 — — 

H. 3-76 3-33 3*80 — — 

01 . 14-82 — — 15-02 — 

P. 12-94 — — — 12-75 


On drying over sulphuric acid in a vacuum, this compound lost in 
weight 11*81 per cent., corresponding to 3 mols. H 2 0, which require 
11*27 per cent. On drying at 100°, a further loss of 3*74 per cent, 
took place, corresponding to 1 mol. H^O, which requires 3*76 per 
cent. 

The anhydrous acid melts with decomposition at about 185°. 
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Mr. R. H. Solly has been kind enough to provide ns with the 
following crystallographic data of this acid. 


Fig. 1. 




System; Orthorhombic— 

a:hc = 0*62812 :1: 0*29274 

100 :110 = 0*32° 18'; 010 : Oil = 73° 41'; 001 :101 = 24° 57\ 


Forms observed— 


al00, 6010, pill, *101, eOll. 


» Observed. 

flp. 66° ff 

bp . 74 13 

pp lt .... 58 36 


Calculated. No. of edges. Limits. 

66 ° 3' 7 66—66° 9' 

74 13 7 74° r-74° 20 ' 

58 30 5 58 8—59 2 


No measurements were obtained from * and e. The crystals are 
limpid, the faces are always pitted, the a and b faces have good lustre, 
but thep planes are usually rounded and give poor reflections. 

The a and b faces are often evenly developed, but the p ones are 
peculiarly unequally developed, resembling crystals of the mineral 
meionite at one end of the c axis; but have the planes parallel to the 
c plane evenly developed as shown in the figure- The faces n and e 
are very narrow and truncate the edges of pp t and p, and p,p ir 

Cleavage a fairly perfect. 

Optical characters AE = 6. 

1 st mean line a. 

Sign of double refraction positive . 

The optic angle in air for Na 75° 25'; />0, weak. 

The formula given above represents this acid as a compound of 
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dichloromuconic acid with phosphoric acid; it may, therefore, bo 
called phosphodichloromuconic acid. The phosphoric acid is chemi¬ 
cally combined in the molecule, and cannot be detected by magnesia 
mixture, but the acid gives a yellow precipitate with ammonium 
molybdate when previously heated with nitric acid. 

The new acid contains in its molecule dicbloromuconic acid, for on 
warming it with concentrated sulphuric acid, or by heating the 
aqueous solution in a sealed tube at 100° for several hours, a-di- 
cfiloromuconic acid is produced. On account of the new substance 
undergoing decomposition in this way, it is necessary, in its prepara¬ 
tion, to concentrate the aqueous solution at a low temperature, 
otherwise part of it undergoes the same change. 

If we accept for dichloromuconic acid the generally adopted, 
though not yet proved, expression 

cooh-oh:ooi-cci:ch-oooh, 

the phospho-acid may be represented by the formula 

COOH*OH(OH)-001(H 2 PO j )-OC1(H 3 P0 3 )«CH(OH)-OOOH. 

That the two molecules of phosphoric acid arc distributed in this 
manner is supported by the following experiments. 

The phosphodichloromuconic acid has, as stated before, a strongly 
acid reaction. A solution of 0'0864 gram of the acid required for 
neutralisation a volume of titrated potash containing 0*0403 gram 
KOH, which corresponds to 46*64 per cent. KOH. This shows that 
4 mols. of KHO (46*76 per cent.) are required to neutralise 1 mol. of 
the acid. If, however, potash is added to an excess of the adld dis¬ 
solved in water, colourless crystals of a salt containing two atoms of 
potassium separate out. 

The formula C b H 8 K>Cl 3 P20i> requires:— 

Pound. 

Theory. I. IL 

K . 1G*35 16*G 16*37 

This potassium salt has, as might be expected, acid properties; it is 
sparingly soluble in cold, more readily in boiling water. 

Barium Salt .—If barium chloride is added to a solution of the 
phospho-acid, a barium salt is precipitated after some timo in colour¬ 
less ciystals which, once formed, are only slightly soluble in water. 
This salt contains two atoms of barium and has, when dried at 100°, 
the composition CbHeBaiCIaPjjOia + H 3 0, as indicated by the following 




30 RUHEMANN AND DUFTON: ACTION OF 

Found. 

Theory. I. II. III. 

Ba. 39*42 39*40 39*20 39*43 


The salt does not lose its water of crystallisation at 140°, and decom¬ 
poses at a higher temperature. 

Aniline Salt —In an alcoholic solution of the acid, aniline produces 
a white precipitate which, washed with alcohol and dried at 100°, has 
the formula CeHiClsOj^HjPOi^OeHs’NHs. 

Found. 

Theory. I. II. 


S . 4*72 4*95 — 

Cl. 11*97 — 12*22 


This salt crystallises from water in colourless prisms, and its solu¬ 
tion is acid to litmus paper. 

The composition of these salts shows that two or four hydrogen 
atoms in phosphodichloromuconic acid are capable of undergoing 
substitution. According to the formula for the acid given above, it 
should have six replaceable hydrogen atoms, and indeed in the 
ammonium salt, we have a compound containing 6 mols. of ISTH*. 

Ammonium Salt —This is formed by adding an excess of aqueous 
ammonia to the solution of the acid in water, when, if the solutions 
are concentrated, the salt is thrown down at once in the form of 
colourless, oblique crystals. These lose their lustre on drying over 
sulphuric acid, and give off ammonia when heated alone or with 
water. - 

For analysis, they were dried in air, and gave numbers correspond¬ 
ing with the formula CfiH^ClaO^HsPO^dNHs -f 5H 2 0:— 

Found. 

Theory. I. II. III. 


2ST. 14*02 14*32 — — 

P. 10*35 — 10*28 — 

Cl. 12*02 — — 11*87 


The properties and the composition of the salts of phosphodichloro¬ 
muconic acid, and especially those of the ammonium salt, support the 
view expressed above of the constitution of the add; it is to be re¬ 
garded as hexabasic, and may be formulated— 

C00H-CH(0H)-CC1(H s P0 3 )-CC1(H 3 P03)-CH(0H)-C00H, 
if the formula for dichloromuconic acid, 

cooh-ch:cci-cci:ch*cooh, 
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be correct. This view is con-firmed by the study of the product, 
which, under the influence of water, is transformed into the phospho- 
acid. 


Phosphodichlor<m,uconyl Chloride. 

The action of phosphorus pentachloride and oxychloride on mucie 
acid at the ordinary temperature gives rise to a product which still 
contains a small quantity of unchanged mucic acid. 

The observation that the crystalline substance, thus formed, is 
soluble in warm phosphorus oxychloride gave the key to a method 
for its purification. If the mixture obtained in the reaction be heated 
to 100°, and quickly filtered through glass wool, the clear liquid, on 
cooling, deposits colourless plates which, collected, washed with dry 
benzene, and dried over sulphuric acid, gave numbers corresponding 
with the formula 

COC1-CH(OH)-001(POC1 2 )-001(POC1 s )-OH(OH)-OOOL 

Pound. 

Theory* I. II. III. 


0. 13*90 14*15 — — 

H. 0*77 0-85 — — 

01. 54-82 — 54-56 — 

P. 11-97 — — 12-17 


This substance is identical with the crystals formed in the cold* It 
dissolves in water without leaving any residue, and the solution on 
concentration deposits the characteristic rhombic crystals of phospho- 
dichloro muconic acid. 

The fact that the former compound is stable at 100° allows of its 
preparation without using phosphorus oxychloride. Bode had 
already observed that the action of phosphorus pentachloride on 
mucic acid starts at 70° and is completed at 100% If the almost clear 
liquid, thus obtained, be quickly filtered, the above mentioned com¬ 
pound will crystallise out on cooling. 

The formation of this substance and the transformation it under¬ 
goes when treated with water show that the action of phosphorus 
pentachloride on mucic acid differs with the temperature: at 100°, 
the phospho-acid chloride is produced; at 120°, dichloromuconyl 
chloride. It was, therefore, to be expected that the product formed 
at a lower temperature would, when heated with phosphorus penta¬ 
chloride at 120°, yield dichloromuconyl chloride. This is indeed the 
case; a mixture of 1 mol* of the former and 2 mols. of phosphorus 
pentachloride, when digested at 120°, evolves hydrogen ohloride; the 
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mass becomes liqnid, and on cooling deposits dichloromaconyl 
chloride ; the reaction may be expressed by the equation:— 

COCl-OH(OH)-CCl(POCh)*OCl(POCI 3 )-CH(OH)-C001 + 2PC1 5 

= coci-ch:cci-cci:ch*cooi + 4poci ? + 2hoi. 

This chloride, on the addition of water, is transformed into the 
characteristic needles of a-diehloromuconic acid. The latter may 
also be obtained from the pliosphodichloromnconyl chloride by 
warming with concentrated sulphuric acid, when it dissolves, and,''on 
pouring into water, Bode’s acid is precipitated. 

Whilst the phosphodichloromuconyl chloride yields, by the action 
of water, the phosplio-acid, it suffers a different transformation under 
the influence of alkali or ammonia, and these changes throw light 
upon the relationship between Bode’s dichloromuconie acid and the 
/9-acid. 

On adding phosphodichloromuconyl chloride to potash, it dissolves 
with evolution of heat, and addition of hydrochloric acid to the cold 
solution precipitates a-dichloromuconic acid. The filtrate from this 
acid, when extracted with ether, yields the /3-acid. 

Aqueous ammonia acts violently upon the pkospho-acid chloride 
forming the amides of a- and ^-dichloromuconie acids, which arc 
precipitated as a white powder in the course of the reaction. Their 
separation was effected by extracting with boiling water; the hot 
filtrate, on cooling, deposits colourless needles, which by their pro¬ 
perties and a nitrogen determination were recognised as /8-diehloro- 
muconamide. 

TEe formula GeHeCl^C^ requires:— 

Theory. Found. 

JSf . 13*40 13-G6 

The residue left undissolved by water is sparingly soluble in alcohol, 
and is the amide of a-dichloromuconic acid, as indicated by the 
following nitrogen determination, which gave:— 

Theory for 

C fl H 6 Cl 3 N 2 0 2 . Found. 

N . 13*40 13*70 

If, on the one hand, the observations described above explain satis¬ 
factorily the action of phosphorus pentachlonde on mucic acid, on 
the other hand, they throw light upon the relationship between 
*- and /3-dichIoromuconic acids. Both acids are produced from tho 
phospho-acid chloride, which, on treatment with water, yields only 
one phospho-acid, as indicated by the crystallographic measurements; 
they are, therefore, most probably stereochemical isomerides. 
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This view is confirmed by the ready transformation of the jS-acid 
into Bode’s dichloromuconic acid. On aiding a small quantity of 
bromine-water to a cold aqueous solution of the former, and allowing 
the mixture to stand for some time, the whole sets to a mass of 
crystals which do not contain bromine, but are simply a-dichloro- 
muconic acid, as indicated by its properties and by the following 
analysis:— 

The formula C 6 H 4 C1>02 requires:— 

* Pound. 

Theory. I. II. 


0. 34*12 34*09 — 

H. 1*90 2*00 — 

Cl. 33*65 — 33*62 


The isomeric dichloromuconic acids may be regarded, therefore, as 
bearing the same relation to one another as f umaric to maleic acid, 
the latter being completely changed into fumaric acid, by the action 
of haloid acids (Kekule, Annalen, Suppl. 1, 134), and, partially, by 
bromine (Petri, Aimalen, 195, 59). 

If Wislicenus’ view with regard to the transformation of maleic 
acid into fumaric acid be accepted, that one molecule of the halogen 
or haloid acid is first added, that then rotation of the system takes 
place, and that finally the halogen or haloid acid splits off again, 
leaving the isomeric acid, then we may assume the change of 
^-dichloromuconic acid into the a-acid to be brought about by 
bromine in the same manner. 

University Laboratory , 

Cambridge . 


III.— Note on Normal and Iso-prqpylparatohiidine. 

By E. Houi and H. F. Moeley. 

In connection with an investigation which we undertook three or 
four years ago, we thought it desirable to be able to distinguish with 
certainty between normal and iso-propylparatoluidine. We had 
completed the examination of this point when the investigation of 
which this was to form a part was brought to an abrupt termination 
by the departure of one of us from England. Nevertheless, we 
think that the following observations, made in 1887, ought* perhaps, 
to be recorded. 

VOL. LIX. 


B 
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Isopropylparatoluidine, 

An almost theoretical yield of isopiopyltoluidine may be obtained 
by heating isopropyl iodide with paratoluidine in equimolecular 
proportions for two days in sealed tnbes at 130°. The isopropyl 
iodide employed was obtained in the usual way from glycerol, iodine, 
and amorphous phosphorus, and boiled at 89—91°. The crude iso- 
propylparatoluidine was purified by conversion into its nitrosamine, 
the nitrosamine being then reconverted into the base by treatment 
with tin and hydrogen chloride. 

Isopropylparatolylnitrosamine, (CHa^CH’NfNOJ'CeHi'CHa, sepa¬ 
rates from alcohol in beautiful, slightly yellowish crystals, melting 
at 58—59° (nncorr.). It is easily soluble in ether, benzene, alcohol, and 
glacial acetic acid, but insoluble in water. It cannot be distilled 
with steam. 

100 grams of alcohol (98|- per cent.) dissolve 65 grams of the 
nitrosamine at 22°. On combustion, 0 2598 gram of the substance 
gave 35 c.c. of nitrogen at 18° 0. and 754 mm. bar. pressure corre¬ 
sponding to 15*89 per cent, nitrogen, the calculated percentage being 
15*73. 

In the conversion of the nitrosamine into isopropylparatoluidine 
by warming with tin and hydrogen chloride solution, a yield of only 
60 per cent, of the theoretical amount was obtained, but we failed to 
improve this yield by other methods of effecting the conversion. 

Isopropylparatoluidine may also be prepared from diazotoluene- 
toluide, C 7 H 7 - 1 ^ 3 'KH*C 7 H 7j an alcoholic solution of sodium ethylate, 
and isopropyl iodide by heating the mixture for five hours on the 
water-bath, distilling off the alcohol, pouring the solution into cold 
water, and decomposing the precipitate with hydrogen chloride; but 
the yield in this case is not very good. 

Isopropylparatoluidine is a colourless oil, which slowly becomes 
coloured. It boils at 219° to 221° (uncorr.). Its density is 0*9226 
gram per c.c. at 20°, 0*9209 at 23°, 0*9129 at 35°, 0 8988 at 51°, and 
0*8937 at 56°. The density at its boiling point, determined by 
Ramsay’s method, was found in three experiments to be 0*7469, 
0*7452, and 0*7477, the mean being 0*7466. This gives a molecular 
specific volume of 199*57, whilst Briihl’s formula for specific volumes 
would give 199*50 as the calculated uumber. 

The index of refraction was kindly determined by Dr. A. H. Fison, 
of University College, to be as follows:— 


Line* Wave-length. Index of refraction. 

Ha. '6562 1*5277 

D. 5892 1*5322 

Hjs. 4861 1*5473 
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Calculating the molecular refractive energy from tlie values for 
the lines Ha and Hp, we obtain. 81*4 instead of the theoretical number 
79*3. 

Normal Isopropylparatoluidi ne Oxalate , ( CioHisN^HaCaOi. —The 
base forms both a normal and an acid oxalate, but the latter being 
exceedingly soluble both in water and alcohol is not easily crystal¬ 
lised, whilst the former is only slightly soluble in cold water, and can 
be easily crystallised from alcohol. 

* The normal oxalate crystallises from hot absolute alcohol in 
colourless ciystals melting at 129—130° (uncorr.). Three deter¬ 
minations of oxalic acid gave 23*02, 23*26, and 23*18 per cent, 
respectively (calculated 23*19). The salt is almost insoluble in 
cold water, but on warming it dissolves with partial separation of 
the base. 100 grams of alcohol (98£ per cent.) dissolve 4-76 grams 
at 17° and 5*76 grams at 22°. 

Isopropylparatolnidine Hydrochloride, C U )H 15 N,HC1.—This salt, 
which separates as colourless crystals, on passing hydrogen chloride 
into a solution of the base in ether, crystallises from alcohol in large 
crystals of wax-like colour melting at 170—171°. It is very easily 
soluble both in water and alcohol, slightly in cold benzene, and 
easily in boiling benzene, from which it separates in needles [01 = 
18*69 and 18*63; calc. 19*13]. 

The ferrocyanide, (Ci 0 H 15 N) >,H 4 FeCy fi , obtained by precipitation, is 
a white powder [Fe = 11*55 and 11*12; calc. 10*89]. 

Normal Propylparatoluidine. 

A 

Normal propylparatoluidine was prepared by heating equimolecular 
weights of normal propyl iodide and paratoluidine for two days in 
sealed tubes at 160°; the yield being 90 per cent, of the theoretical. 
The normal propyl iodide used was prepared from propyl alcohol, 
amorphous phosphorus, and iodine, and boiled at 101—103° (uncorr.). 
The normal propylparatoluidine was purified, like its isomeride, by 
conversion into its nitrosamine. 

Normal Propylparatolylnitrosamine , GH 3 *CH S *CH S -N(NO)*CbII/CHs, 
is an oil, not solidifying at —20°. On heating, it begins to decom¬ 
pose below 100°, giving off nitrous fumes. In converting it into 
normal propylparatoluidine, the yield is only 50 per cent., and the 
boiling point of the resulting base is not so sharp as that of its 
isomeride, so that some fractional distillation is necessary. 

Normal Propylparatoluidine is a colourless oil r boiling at 230—233°, 
and does not become much coloured even on standing for a long 
time. Its solubility is 0*9243 gram per c.c. at 20% 0*9296 at 23°, 
‘■0*9172 at 35°, and 0*9053 at 51% The density at the bailing point 

Jb 2 * 
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was found in four determinations to be 0*7554, 0*7546, 0*7533, and 
0*7539, the mean being 0*7543. This gives a molecular specific 
volume 197*53 (theory 199*50). 

The index of refraction was kindly determined by Dr. Fison to be 
as follows:— 

Ha.... 1*5306 

D. 1*5367 

* H/s.. 1*5495 


The molecular refractive energy 



AT calculated from the 


values for H« and Hj3 is 82*5. 

Oxalates of Normal Propylparatoluidine .—Normal propylparatolui- 
dine forms both normal and acid oxalates; but the normal oxalate, 
when in solution, easily decomposes into the acid oxalate and the 
base, and it is, therefore, difficult to obtain it in a crystalline state. 

The acid oxalate, (C 10 H 15 N),C 0 H 2 O 4 , crystallises from alcohol, and 
melts at 172—173° with decomposition. The percentage of oxalic- 
acid was found to be 37*86 and 37*64 (calculated 37*65). The acid 
oxalate is only slightly soluble in cold water and alcohol, but easily 
dissolves on warming. 100 grams of alcohol (98J per cent.) dissolve 
1*4 grams at 21°. 

On mixing equimolecular proportions of the base and oxalic acid, 
both in alcoholic solution, a precipitate of the acid oxalate is obtained, 
but the filtrate, when left to evaporate spontaneously, deposits white 
powdery crystals of the normal salt (CjoH^N^Co^O* [Percentage 
of oxalic acid found: 23*25 and 23*08; calc. 23*19], The normal 
oxalate can also be obtained by adding a large excess of the base to 
a cold alcoholic solution of the acid oxalate, when crystals of the 
normal salt often separate at once, and farther quantities may be 
obtained by spontaneous evaporation. 

The normal oxalate of normal propylparatoluidine melts at 
116—117°, and is more soluble both in water and in alcohol than the 
acid salt. 

Its aqueous solution when warmed becomes milky, from separation 
of the base, but becomes clear again on cooling. If the solution is 
heated to boiling, it deposits, on cooling, the acid oxalate only. 

Normal and iso-propylparatoluidines may be separated through the 
difference in the solubility and stability of their oxalates. If a mixture 
of the two bases be gradually added to an aqueous solution of oxalic- 
acid, sufficient to form acid oxalates, a crystalline precipitate of the 
acid oxalate of normal propylparatoluidine is formed. On evapo¬ 
rating the filtrate, and allowing it to cool, more of this salt separates, 
but after repeating this process several times distinct crystals of the 
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oxalate of isopropylparatoluidine begin, to appear. On adding potasb 
to the mother liquor at this point, almost pure isopropylparatoluidine 
is liberated. 

The hydrochloride of normal propylparatoluidine, Ci 0 Hi 5 N,HCI, 
crystallises from boiling benzene in needles melting at 150—151° 
[Cl = 18*95 per cent.; calc. 19*13 per cent.]. It is very soluble in 
v, a ter and alcohol, slightly soluble in cold benzene, easily soluble in 
boiling benzene. 

The ferrocyanide of normal propylparatoluidine, (CioHisNJ^HiFeCye, 
is a white solid, turning blue on exposure to light [Fe = 11*09 per 
cent.; calc. 10*89]. 


IV.—JL New Method of Determining the Specific Volumes of Liquids 
and of their Saturated Vapours. 

By Sydney Young, D.Sc., Professor of Chemistry, University 
College, Bristol. 

If a closed graduated tube, containing a known volume of liquid at a 
given low temperature f, be heated to some higher temperature T°, the 
liquid will expand, but the apparent expansion will be smaller than 
the real, on account of the evaporation of a portion of the liquid. If 
the density of the saturated vapour, or the ratio of the specific vcfiume 
of the vapour to that of the liquid at T° is known, the necessary 
correction may be applied, but at temperatures above the ordinary 
boiling point of the liquid this is usually not the case. Suppose now 
that by some suitable arrangement one portion ca of the tube cd (p. 38) 
can be heated to T°, the remainder of the tube, ad, being kept at a 
constant low temperature t°, and that by moving the tube, or the 
heating apparatus, a greater length ca ' of the tube can subsequently 
be heated to T°, then we shall have a second method of determining 
the apparent expansion of tho liquid. For a known volume of the 
liquid aal at f has been heated to T°, and has expanded from h to If. 
But in this case the space above the liquid is always filled with 
saturated vapour, and since the volume elf is less than cb, the 
apparent expansion is greater than the real, for the vapour originally 
occupying the volume IV has now condensed. Here again, the ratio 
of the specific volume of the saturated vapour to that of the liquid at 
T° being usually unknown, it is impossible to calculate the true 
expansion from t° to T°. But since by each method we have the 
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Fame two unknown values—the true volume of the liquid and the 
ratio of the specific volume of the vapour to that of the liquid—wo 







can obtain two equations from the experimental data, from which 
both values may be calculated. 

Let V T be the true volume of the liquid at T°, and r the ratio of 
the specific volume of saturated vapour to that of liquid at T°. 

In the first experiment, when the whole tube is heated to T°, let 
V' T be the apparent volume of the liquid, and Y e the volume ol 
saturated vapour. Then the volume of liquid at T°, formed by tin 1 
condensation of the saturated vapour V c , would be VJr 9 and the true 
volume of liquid at T° = 

Vi = V' r + Is. 

r 

In the second experiment, let Vi be the total volume of liquid at f, 
V A the volume of liquid between a and a\ and V B the apparent 
expansion from h to V. 

Then, since V A volumes of liquid at t° expand so as to occupy tho 
volume V A + V B at T°, the total volume of liquid V/ would, under the 

same conditions, occupy the volume ^ (V A + V B ). But in consc- 

* A 
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quence of the expansion a certain amount of the saturated vapour has 
condensed, and the enor due to condensation—calculated for the total 

volume of liquid—will be ^ . Therefore, the true volume of 

Va. i 

liquid at T° will be 


= y-<?- + 


Vi) - 




Yb. 
r ’ 


From these two equations we have 


tt _ Y*{Y,(Y a + Y b ) + YbT t } 

T ” y b y* + y*v a 

and the ratio of the specific volume of saturated vapour to that of 
liquid at T° will be 



Lastly, the specific volume (volume of 1 gram) of liquid at T° 
will be 


S T 


Y t X S* 
Yt ’ 


where S* is the volume of 1 gram at t° ; and the specific volume of the 
saturated vapour at T° will be 

s T = r X S T . 


It is of course impossible to heat the whole of one portion of a 
tube strongly, and to keep the whole of the remainder of the ttJbe at 
a low temperature; there must be an intermediate portion, one 
extremity of which is at the higher temperature, the other at the 
lower, the temperature falling gradually from one extremity to the 
other. If, however, in both stages of the second experiment there is 
a similar gradation of temperature, though of course in different 
parts of the tube, the results will not be affected provided that the 
tube is of even bore. 

I have succeeded in devising an apparatus by which the specific 
volumes of liquids and saturated vapours may be determined by the 
method described, and as the method is applicable to liquids which 
attack mercury, and may be employed through a wide range of tempera* 
hires, it seems desirable to give a detailed account of it. 

A piece of barometer tubing, of very even bore and of about 60 cm. 
length, is closed at the blowpipe at d (JFig. 2, p. 40), about 20 cm. from 
one end, the closed part being carefully rounded. The portion of the 
tube de serves as a handle, and the end e may conveniently be 
closed. 
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The tube from d to c is then graduated in millimetres, and 
calibrated in the usual manner by weighing with mercury. 


Fig 2. 



The end c is then sealed to the apparatus shown in Fig 3, and the 
whole apparatus is thoroughly dried by repeatedly exhausting and 
allowing dry air to enter. 



The freshly distilled liquid is then admitted into the apparatus at 
either by means of a fine funnel, or, if the liquid is hygroscopic, 
by means of a siphon arrangement such as that described by Thorpe 
(Trans., 1880, 37, 22), until the wide protuberance / is about one- 
third filled. A piece of thick-walled indiarubber tubing, provided 
with a screw clip, is then passed over g, and the apparatus is con¬ 
nected with a pump and exhausted. The clip is then closed, the 
apparatus removed from the pump, and the liquid in the tube cd 
made to boil vigorously for some time, so as to completely remove 
air adhering to the walls of the tube. (The narrow tube h, drawn 
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out and bent at the end, prevents the projection of the liquid against 
the indiarubber.) Lastly, the liquid is allowed to fill the tube com¬ 
pletely, and is then boiled from above downwards until only the 
requii'ed amount remains in the tube, when the apparatus is tilted, 
so that the greater part of the liquid above h flows into /. The tube 
is ihen at once sealed at c, the glass being allowed to fall together, so 
as to withstand a high internal pressure. 

The volume of liquid is then measured, either at 0° or with the 
tube surrounded by running water of known temperature. The total 
volume of the tube, which is as yet unknown, is easily ascertained by 
inverting the tube, so that all the liquid flows to the other end, and 
taking a second reading. The sum of the two readings gives the 
total volume, but as the tube was calibrated with mercury, which has 
a convex meniscus, while that of the liquid is concave, the first 
reading must be corrected for this reversal of meniscus. When the 
tube is inverted, the concave meniscus of the liquid corresponds in 
position with the convex meniscus of mercury during calibration, and 
no correction is required. 

The arrangement for heating the tube is showii in Fig. 4. AB is 
a jacketing tube, containing a pure liquid which is to be boiled under 


Fie. 4. 
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known pressures Tlie lower end of the jacketing tube is narrow* 
and is provided with a piece of indiarubber tubing, C7, through which 
the volume tube cd passes. A current of cold water passes through 
the tube 2), and keeps the lower part of the volume tube at a constant 
temperature, which is measured by the thermometers 00'• If the 
indiarubber tube G has been kept undei' water for several hours 
before it is placed on the jacketing tube, the volume tube may easily 
be pushed up through it; but, notwithstanding the reduced pressure 
in the jacketing tube, no water passes up between the indiarubber 
and the volume tube. 

A ring of lead, L, is placed above the indiarubber cork J, so that 
the jacketing tube D may always be pushed up to exactly the same 
height. 

The position of the volume tube in the jacketing tube is shown by 
a horizontal line JE7, etched on the narrow part of the jacketing tube. 
The scale divisions on the volume tube corresponding to this etched 
line give the readings a and a' (Fig. 1, p. 38). The jacketing tube is 
protected from draughts by the outer tube HH, the space between 
A and H at the top being closed by a ring of asbestos cardboard. 

The experiment is begun with the volume tube in the position 
shown in the diagram. The liquid in B is made to boil, and when 
the vapour has reached the top of the jacketing tube, and the pressure* 
has been regulated to give the desired temperature, the volume tube 
is pushed up until the liquid in it is about 25 mm. above the level of 
the liquid F. 

The reading a may be taken at once, but the height b of the liquid 
in the volume tube does not become constant until the liquid F 
(Fig. 4, p. 41), which has been cooled to some extent by pushing up 
the cold tube, has regained its original temperature. From 15 to 
20 minutes are required before the reading of 6* becomes quite 
constant, but it is advisable to take readings every few minutes until 
constancy has been attained. 

The volume tube is now pushed up again until the bottom of the 
tube d is about 10or 20 mm. below F, when the readings a and V are 
taken in the same manner as before. 

Lastly, the volume tube is pushed up until d is about 25 mm. 
above F, when, of course, the whole of the liquid is heatod, and the 
reading Y' is taken. In this case, the reading becomes constant 
after three or four minutes. 

The expansion of -che liquid at low temperatures- having been 
determined in the ordinary way, the volume Y t at the temperature i 
of the flowing water may be calculated or read from a curve, and wo 
have now all the data required for calculating the specific volumes 
of the liquid and saturated vapour at T°. 
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It is necessaiy, however, to apply the following corrections :— 

1. The apparent volume of liquid at the ordinary temperature or 

0° is slightly too small, as a certain quantity of the substance 
is present in the form of saturated vapour. The correction, 
which is very small, may be made on the assumption that the 
density of the saturated vapour is normal. 

2. The expansion of the glass must be allowed for in the calcula- 
^ tion of Yu, Y'x, and V c . It is generally too small to affect 

the value of V A . 

In order to test the accuracy of the method, as regards the detei* 
mination of the specific volumes of liquids, experiments were made 
with benzene and carbon tetrachloride, for which substances accurate 
data have been obtained by the method employed in the investiga¬ 
tions of the benzene derivatives (Trans., 1889, 55, 486). In the 
experiments with carbon tetrachloride, however, and in the earlier 
ones with benzene, the water jacket was not employed. A com¬ 
parison of the two series of determinations with benzene shows that 
more accurate results are obtained by the addition of the water 
jacket:— 

The results by the old and new methods are given in the following 
tables:— 


Carbon Tetrachloride (without Water Jacket ). 


; 

Temperature. 

Volume of 1 gram liquid. 

Difference per 
cent. 

Old method from 
curie. 

New method. 

100 

0 -6972 

0 *0061 

—0 *16 

200 

0*8108 

0*84.18 

+ 0*12 

210 

0 *803.7 

0 8661 

+ 0*80 

220 

U-S898 

0-8880 

+ 0*01 

230 

0-9199 

0*9219 

+ 0*24 

250 

0-0998 

1 *0029 

+ 0*48 

260 

1-0390 

1*0660 

+ 0*66 
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Benzene (without Water Jacket). 


Temperature. 

Volume of 1 gram liquid. 

Difference per 
cent. 

Old method from 
curve. 

Isev. method. 

100 

1*2616 

1 *2607 

-0-07 . 

130 

1*3214 

1 3191 

-0-17 

100 

1 *3918 

1 -3877 

-0-29 

190 

1 -4797 

1 4815 

+ 0*12 

220 

1-5978 

1*6006 

+ 0*21 

240 

1*7092 

1 7174 

+ 0*48 

2b0 

1*8770 

1-bSlS 

+ 0*40 


Benzene (with Water Jacket ). 


ICO 

1 -8918 

1 *3931 

+0*09 

170 

1 *41bG 

1 *4202 

+ 0*11 

240 

1*7092 i 

1-7123 

+ 0*18 

260 

1 -8770 

i 

1*8809 

+ 0-21 


It will be seen that in the fonr determinations with the water 
jacket the greatest error is only 0 21 per cent., and that even without 
the water jacket the errors do not exceed 0*3 per cent., except at the 
highest temperatures. 

The chief value of the method depends on the fact that it can be 
employed for the determination of the expansion of liquids such as 
nitrogen peroxide, bromine, or chlorine compounds which attack 
mercury. 


Specific Volumes of Saturated Vapour . 

The ratio of the specific volume of saturated vapour to that of 
liquid at T° is given by the equation 



where Y c is the volume of saturated vapour in the tube, V a the true 
volume of liquid, supposing all the vapour to be condensed, and 
the observed volume of liquid. 

It is clear that accurate results can only be obtained when the 
value V T — V' T is fairly large, otherwise a small error in either 
V T or V' T would mean a relatively very much larger error in their 
difference, and therefore in the value of r. 
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With, a tube of the form employed, the results are sufficiently 
accurate’ only at high temperatures, at which the density of the 
saturated vapour is considerable. At low temperatures the volume 
of the saturated vapour relatively to that of the liquid should be 
greatly increased. 

Of the three values Y„ Y' T , and Y T , the two first are obtained 
by direct reading, and may therefore be considered as very accurately 
determined. On the other hand, the calculation of Y T depends on a 
nuidber of readings, and this value is therefore subject to greatei 
chances of error. 

If, therefore, better values of Y T than those afforded by the new 
method are available, it is better to make use of them. Now the 
specific volumes of liquids, as determined by the old method (PhiL 
Trans., 178, 57), are calculated from a single reading in each case, 
and the values of Y T can be calculated directly from them. 

In the case, therefore, of substances which do not attack mercury, 
the best results ill be obtained by determining the specific volumes 
of the liquid by the old method, and the values Y e and Y' r by the 
new. There is also the great advantage that the time required for 
each determination of Y' T and Y c is ■very small, for as the whole of 
the liquid is heated, the position of the volume tube in the jacketing 
tube does not require to be altered during the experiments. 

I have determined the values of V' T and Y 0 for carbon tetra¬ 
chloride in this manner at other temperatures in addition to 
those given in the previous tables, and though I have as yet no 
means of testing the accuracy of the results, it may be worth while 
to give all those obtained at high temperatures. 


Ocurlon Tetrachloride . 


Tempera¬ 

ture. 

n 

Yt. 

T' t . 

rr. 

Yolume of 1 gram 
saturated vapour. 

160 

0*8592 

0-5633 


87-00 

28*50 

in 

0*8534 

0-5743 

0*546*4 

30-50 

24*00 

180 

0*8479 

0*5864 

0*5523 

24 *90 

19*90 

190 

0*8425 

0-5998 

0-6681 

20-20 

16*60 


0*8369 

0-6149 

0 5640 

16 ;40 

13*80 

210 

0 8313 

0-6816 

0*5699 

13 *50 

11 -60 

220 

0*8259 

0-6507 

0-5758 

11*00 

9*81 

230 

0-8206 

0 -6727 

0*5814 

8-99 

8*27 

240 

0-8157 

0-6987 

0*5866 

7*28 

6-95 

260 

0*8116 

0-7811 

0*5911 

5*80 

5*80 

260 

0-8094 

0-7748 

0*5936 

4-48 

4-74 

270 

0*8120 

0-8395 

0*5914 

3-27 

3-76 

280-45 

0-8400 

0-9675 

0-5638 

2-08 

2-75 
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The last two values of Y T are somewhat uncertain, as carbon 
tetrachloride attacks mercury at high temperatures, and the values 
of V T were calculated from the results by the old method. 

I hope before long to be able to obtain some determinations of the 
volumes of a gram of the saturated vapours of the haloid derivatives 
of benzene, in order to find whether the generalisation of Van dor 
Waals holds good for these substances in the state of saturated 
vapour as well as in the liquid state. , 


V .—The Estimation of Cane-sugar. 

By C. O’ Sullivan, F.RS., and Fuederic W. Tompson. 

The accurate estimation of sucrose in the presence of other cai bo- 
hydrates has always been attended with considerable difficulty; 
indeed, in many cases, it was not found possible until Kjcldahl, in 
1881, published a paper on the carbohydrates of malt ( Meddelelser , 
1881, 337). Some time afterwards, in a paper by one of ns on the 
same subject, a method of estimating cane-sugar was given almost 
identical with his (Trans.. 1886,49,58). In both cases very accurate 
results were obtained, and, as the latter paper was published in 
ignorance of Kjeldahl’s work, it may be regarded as an independent 
confirmation of it. 

It is obvious that in solutions such as those obtained from malt, 
the usual method of estimating cane-sugar with acid is inapplicable 
on account of the action of the acid on the other carbohydrates. 
Indeed, this is the case in nearly all solutions obtained from natural 
sources. This difficulty was overcome by the use of the enzyme, 
invertase, and it was employed either in the form of a soluble 
preparation, or, in the raw state, as brewers* yeast, together with 
sufficient thymol to prevent fermentation and growth of yeast. By 
this means the cane-sugar was inverted without any other substance 
present being altered, and the results thus obtained were perfectly 
trustworthy. The decrease iu optical activity, and the increase in 
cupric reducing power, each formed a measure of the amount of 
sucrose originally present in the solution. Very concordant results 
were obtained. 

The estimation of cane-sugar by means of invertase is without 
doubt a perfectly satisfactory process. The only disadvantage consists 
in the difficulty of preparing the invertase. Until the recent publica¬ 
tion of our paper on invertase (Trans., 1890, 57, 834), this objection 



OF CANE-SUGAR. 


47 


■was practically fatal, and it still forms a groat drawback to the 
universal application of the process, as it takes at least three weeks 
to prepare invertase by our method.* 

The use of yeast as the hydrolyst has hitherto been held to require 
the presence of some such substance as thymol, to prevent fermenta¬ 
tion, and this method has not generally been considered to be so 
reliable as the former one. 

It is the purpose of the present paper to show that the process 
knoftm commercially as <e Tompson’s Inversion Process ” is perfectly 
applicable to the estimation of cane-sugar. In this process, ordinary 
brewers’ yeast is employed as tho hydrolytic agent without the 
addition of' anything else. We shall show that we have in this 
method a simple and convenient means of estimating cane-sugar 
independently of other substances in solution, and that the results 
obtained are accurate and trustworthy. 

Our procedure is as follows :—The solution containing the cane- 
sugar must be approximately neutral (certainly not alkaline), and if 
the presence of any enzyme is suspected, the temperature should be 
momentarily raised to 80° to destroy it. The optical activity at 
15*5° and the cupric reducing power of the solution are determined,f 
and then 50 c.c. of it aie poured into a beaker and raised to a 
temperature of 55° in a constant temperature bath. Some ordinary 
brewers’ yeast, pressed in a towel, is now taken. The weight of the 
pressed yeast should be about l/10th of the total amount of sugar 
to be inverted.^ It is thrown into the hot solution, and the whole 
gently stirred until, mixture is complete. The solution is left for 
4 hours in the water-bath: at the end of this time it is cooled to 
15*5°, a little freshly precipitated aluminium hydrate added to 

* We take this opportunity of making known the means wo have now adopted 
for keeping a preparation of invertase as a hydrolytic agent. We have, in our 
former paper, given details of the preparation of the solution called yeabt liquor. 
To this we add alcohol until tho whole contains about 10—12 per cent, absolute 
alcohol. The mixture is allowed to stand a few days, and then the clear solution 
is filtered off. This solution is kept in a stoppered bottle, and it retains its invert¬ 
ing power indefinitely. It may either bo used in its unaltered state or the in¬ 
vertase may be thrown out of solution by the addition of 3 or 4 times its own 
bulk of alcohol, and the syrupy precipitate, which immediately falls out, redissolved 
in water. We thus get, at a few minutes’ notice, a fairly pure, and very strong 
solution of invertase. 

t It is not necessary to determine both tho optical activity and the cupric re¬ 
ducing power, as either factor by itself is sufficient. The optical activity will be 
found to be the more convenient, and, we think, the more accurate of the two, unless 
the solution is highly coloured. 

X Brewers’ yoast varies considerably in inverting power, but we think this amount 
is ample in most cases. The yeast need not necessarily be fresh, as it does not 
easily lose its power. 
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facilitate filtration (this is not always necessary), and tlie whole 
made up to 100 c.c. A portion of this solution is filtered, and the 
optical activity observed. The solution is then left in the cold until 
the next day, when another observation is taken in order to prove 
that inversion is complete. The cnpric reducing power is also esti¬ 
mated. 

The method of calculating the results is the same as when in- 
vertase is used. The following formulae will be found useful. 

From the optical activity , the cane-sugar may be calculated as 
follows:— 

p __ a — 2a' 

m 

a = the number of divisions indicated by the polarimeter scale for 
200 mm. of the original solution. 

a! = the same factor in the inverted solution. 

m = the number of divisions of the polarimeter scale which 200 mm. 
of a solution containing 1 gram of cane-sugar per 100 c.c. alters 
on being inverted. In the case of the Soleil-Yentzke-Scheiblcr 
polarimeter which we nse, 1 gram of cane-sugar in 100 c.c. 
indicates +3*84 div., whereas after inversion it gives —1*34 div. 
Therefore for our experiments m = 5*18. 

P == the weight of cane-sugar present in 100 c.c. of the original 
solution. 

From the cupric reducing potcer we calculate the cane-sugar as 
follows:— 

p = 0-4308( 2 ^ 

V w w} 

Gr = the weight of 100 c.c. of the original solution. 

Gr r = the same factor for the inverted solution. Allowance mnsl, 
of course, he made here both for dilation and for the 5 per 
cent, increase of the inverted sugar, but the latter number is 
so small that it need not be calculated accurately. 

v) = the weight of original solution used for the estimation. 

w = the same factor for the inverted solution. 

Jc = the weight of cnpric oxide reduced*by w. 

y = the same factor for w T . 

p = the weight of cane-sugar present in 100 c.c. of the original 
solution. 

It is needless to remark that the values P and p should he identical 
within the limits of error of manipulation. 

It will be seen from the description we have given that this method 
of estimating cane-sugar is quick and simple; it only remains for 
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ns to proY© its accuracy. In the following experiments, we have 
compared it side by side with estimations made with a preparation 
of invertase; the accuracy of the latter method is, we believe, un¬ 
disputed. 

Exp. I.—A blank experiment to test whether the yeast itself 
imparts any optical activity to the solution. 1 gram pressed yeast 
was heated in 50 c.c. water to 55° for 4 hours. It was then filtered 
off by the aid of a little aluminium hydrate. The optical activity of 
the*solution was 0*0 to —0*2 div. in 200 mm. It is obvious that the 
optical activity due to the yeast may be neglected. 

Exp. II.—Estimation of cane-sugar in a hot water extract of malt. 

Original solution. Sp. gr., 1079*7. Optical activity after heating 
to 80°, -t-67*4 div. in 100 mm. K of the solution diluted to twice its 
original bulk, 1*270 grams solution gave 0*1159 gram copper oxide. 

Inversion was performed in 3 beakers; each contained 50 c.c. of 
the solution, and was treated exactly as we have described. 

Beaker 1.—0*1 gram pressed yeast was employed. Optical activity 
after 4 hours +63*5 div., next day +63*2 div. in 200 mm. K, 
1*320 grams solution gave 0*1405 gram copper oxide. 

Beaker 2.—A solution of prepared inveriase was used. Optical 
activity after 4 hours +63*2 div., next day +63*2 div. in 200 mm. 

Beaker 3.—2*570 grams pure cane-sugar were added, and 0*2 gram 
yeast was employed. Optical activity after 4 hours +60*4 div., next 
day +60*0 div. iu 200 mm. K, 1*274 grams solution gave 
0*2020 gram copper oxide. 

After making the calculations in the manner we have described, the 
results may be tabulated as follows:— 


Table I .—The Estimation of Qane-sugar in the Sot-water Extract of 

Malt . J 


No. 

. 

Agent 

employed. 

Cano- 

sugar 

Results calculated on 

Grams cane-sugar 
indicated by the 

Optical 

activity. 

K. 

1 

Yeast 

none 

100 c.c. of the solution 

1*02 

1-36 

2 

Invertase 

none 

** n 

1 *62 


.3 

Yeast 

2*570 

Amount added to the solution 

2*52 

2*84 


It will be seen from this table that whilst the results calculated 
from the decrease of optical activity are perfectly satisfactory, those 
obtained from the increase in the cupric reducing power are not so 
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good. Thio may be accounted for by the high reducing power of the 
original solution. 

Exp. III.—Some treacle was dissolved in water with a little loaf 
sugar; the cane-sugar was then estimated as follows :— 

Original solution. Sp. gr. 1054*2. Optical activity +18*9 div. in 
100 mm. K, 2*812 grams solution gave 0*1124 gram copper oxide. 

Beaker 1.—A solution of prepared invertase was used. Optical 
activity after 4 hours —6*1 div., next day —6*4 div. in 200 mm. 
K, 1*309 grams solution gave 0*1800 gram copper oxide. 

Beaker 2.—0*4 gram pressed yeast was employed. Optical activity 
after 4 hours —6*4 div., next day —6*7 div. in 200 mm. K, 
1*357 grams solution gave 0*186 gram copper oxide. 

We have tabulated the results. 


Table II .—The Estimation of Cane-sugar in a Solution of Treacle , 
showing grams of Sugar in 100 c.c. of the Solution . 




Cane-sugar indicated by the 

Beaker. 

Agent employed. 





Optical activity. 

K. 

1 

Invextase 

9-77 

9*96 

2 

Yeast 

9-88 

9*92 


The agreement between these four results is remarkable. 

Exp. IV .—Some apples were finely divided and boiled in water. 
The solution was filtered off, and the cane-sugar estimated. 

Original solution. Sp. gr. 1*024. Optical activity —11*3 div. in 
200 mm. 

Beaker 1.—A solution of prepared invertase was used. Optical 
activity the next day —7*2 div. in 200 mm. 

Beaker 2.—0*1 gram yeast was used. Optical activity the next day 
—7*4 div. in 200 mm. 


Table HI .—The Estimation of Cane-sugar in a Solution of Apple- 
juice, showing grams of Sugar in 100 c.c. of the Solution . 


Beaker. 

: 

Agent employed. 

Cane-sugar indicated by 
the optical activity. 

l 

Invertase 

0-60 

2 

Yeast 

0-67 















RICHARDSON: ACTION OF LIGHT ON PURE ETHER, ETC. 51 


In this case the solution was too dilute to give perfectly accurate 
results, and, moreover, it was rather opalescent and difficult to see 
through. 

The results of these experiments agree so well together, that no 
doubt remains as to the accuracy of the process. We may remark 
that these experiments were not picked out on account of the good 
results obtained, but were done by themselves specially to test the 
trustworthiness of the process. 

In conclusion, we do not hesitate to say that the method we have 
described furnishes a simple and accurate means of estimating sucrose 
in all solutions. 


YI .—Action of Light on Lure Ether in Presence of Moist Oxygen. 

By A. Bichardson, PhD. 

The formation of an oxidising body in ether which has been exposed 
to the influence of light and air, was first observed by Schobein 
(Jour. Cheni. Soc 4, 134), and subsequently this was identified with 
hydrogen peroxide, first by Dunstan and Dymond ( Pharm . J., 17, 
841), and afterwards by Berthelot ( Compt. rend., 108, 543) ; and also 
by Poleck and Thiimel (Ber., 22, 2863)—and myself (Proc. Chem. 
Soc., 1889, 134). Becently, however, Dunstan and Dymond have 
published a paper (Trans., 1890, 57, 574), in which they state that 
pure ether is not acted on by light when exposed in a moist atmo¬ 
sphere containing oxygen, and they consider that the formation of 
the peroxide is due to impurities contained in the liquid. In the 
paper above referred to, an abstract only of which was published (Proc. 
Chem. Soc., 1889,134), Dunstan and Dymond discuss my own experi¬ 
ments on the subject; the ether used in those experiments was ob¬ 
tained from so-called pure ether (prepared from rectified spirits); it 
was repeatedly shaken with water until the last traces of alcohol had 
been removed, then dried over calcium chloride, and repeatedly dis¬ 
tilled from sodium until the metal was no longer acted on. Dunstan 
and Dymond, however, not having seen the original paper, consider 
that the means adopted to purify the ether used by me, as well as by 
other observers, were insufficient to preclude the possibility of the 
formation of hydrogen peroxide from impurities contained in the 
ether, rather than from the ether itself. I have, therefore, repeated 
my former experiments, using ether obtained from different sources, 
and purified by some of the methods suggested by them. 
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Experiments with Commercial Ether . 

Commercially pure ether was taken, and all the alcohol removed 
hy shaking about 30 times with water, the process being repeated 
until the washings failed to give the iodoform reaction. The ether 
was then shaken with a 4 per cent, solution of potassium dichro¬ 
mate acidified with sulphuric acid : after washing with water, it was 
treated with a solution of sodium hydrogen sulphite, shaken with 
potassium hydrate, and, lastly, washed with water and distilled; 
before exposure to light, the ether so prepared was without action on 
potassium iodide. Two quantities of this ether, of about 100 c.c. 
each, were exposed to light in bottles of colourless glass, containing 
also pure oxygen and water. After 11 days (July 13—24), the ether 
was tested with a solution of potassium iodide, to which it imparted 
a deep yellow coloration; shaken with a solution of potassium di- 
chromate, the ether was coloured blue, thus proving the presence of 
hydrogen peroxide. Dunstan and Dymond, on the other hand, 
found that even methylated ether which had been purified in the 
manner above described was not affected by light, even after an ex¬ 
posure of five months. 


Experiments with "Ether prepared from Pure Alcohol md Pure 
Sulphuric Acid . 

The ether prepared from the pure reagents was first shaken re¬ 
peatedly with a solution of potassium hydrate and then with water 
till the washings failed to give the iodoform reaction. The ether so 
purified was treated as follows:— 

(1.) About 200 c.c. of the pure substance was shaken with its own 
volume of potassium dichromate, every precaution being taken to 
follow exactly the method described by Dunstan and Dymond, and 
was distilled before being nsed. Samples of this ether, placed in 
booties together with water and oxygen, were exposed to the influ¬ 
ence of sunlight in a glass tank containing water, the temperature of 
which valued between 13'3° and 26*1°. In one experiment, air was 
substituted for oxygon above the liquid, the conditions being other¬ 
wise the same. Another bottle, containing ether and moist oxygen, 
was protected from the light by a covering of tin-foil, and was placed 
with the others in the tank, so that the heating effects were in all 
cases the same. After an exposure to light of 18 days (August 1—19), 
the contents of the bottles were examined; the ether which had been 
exposed to light gave with potassium iodide and with a solution of 
titanic acid a deep yellow colour, and potassium dichromate coloured 
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tlie ether bine, whilst the ether which had been protected from the 
light was without action on these reagents. 

(2.) The second method of purification consisted in the treatment 
of the ether with hydriodic acid; by this, as by the dichromate 
method, Dunstan and Dymond state that they were enabled to purify 
methylated ether so completely that after five months exposure to 
light it was without action on potassium iodide solution. A portion 
of the ether (about 100 c.c.) prepared from pure materials was, there¬ 
fore, shaken repeatedly with about its own volume of a 3—4 per cent, 
solution of hydriodic acid, the method described by Dunstan and 
Dymond being again carefully followed. The ether, after distillation, 
was exposed to light in presence of moist oxygen, the bottle, as 
before, being immersed in water, the temperature of which ranged 
between IS'S 0 and 23°. After five days exposure (July 24—29), the 
ether was tested with a solution of potassium iodide, and gave a 
yellow colour, which grew darker on standing; it also imparted a 
yellow colour to a solution of titanic acid. Ether exposed under the 
same conditions, except that it was protected from the light, gave no 
reaction with these reagents. 

(3.) The ether from the last experiments, amounting to about 
200 c.c., containing hydrogen peroxide, was collected and again 
shaken with potassium dichromate, the process being repeated five 
or six times; the ether, which was coloured blue, was washed with 
sodium hydrogen sulphite and with potassium hydrate as before: 
after distillation, it was exposed with oxygen and water to a north 
light, so as to avoid direct sunlight, the temperature varying from 
10° to Another sample was completely protected from the 

light, but otherwise exposed to similar conditions. After seven days 
(August 20—27), the ether was tested; that which had been ex¬ 
posed to light gave a yellow coloration both with potassium oxide 
and with titanic acid, whilst these reagents were not acted on by the 
ether which had been protected from the light. 

Experiments with Ether prepared from a Second Sample of Pure 

Alcohol . 

It was thought desirable to prepare a fresh quantity of ether from 
a new sample of absolute alcohol, which before use was allowed to 
stand over calcium oxide for 12 horn's and then distilled ; the ether 
obtained by the action of pure sulphuric acid on this alcohol was, as 
in the preceding experiment, shaken with potash and with water till 
all alcohol had been removed; it was then treated with potassium 
dichromate, dried over calcium chloride, and lastly over metallic 
sodium. The boiling point of this ether, amounting to 300 c.c., was 
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determined with a thermometer graduated to 0*1°; it was constant 
throughout at 34-6° under a pressure of 760 mm. corrected to 0°. 
This result is identical with that found by Perkin and by Ramsay 
and Young, whilst the ether used by Dunstan and Dymond boiled 
at 35°, a somewhat higher temperature. A portion of this ether was 
exposed to a north light as in the preceding experiments, the tem¬ 
perature varying between 7*2° and 15*5°. After seven days expo¬ 
sure (September 29—October 6), the ether liberated iodine from 
potassium iodide, and a titanic acid solution was coloured yellow. 
An experiment was next made in which pure ether was exposed to 
the action of light at a low temperature, so that the heating effects 
might, as far as possible, be eliminated; this was done by surround¬ 
ing the bottle containing ether and oxygen with water, which by the 
addition of ice was never allowed to rise above 2°. After exposure to 
light for four days, the ether was found to contain hydrogen per¬ 
oxide. It appears, therefore, that the formation of this substance 
is brought about by light alone, independently of any heating 
effects. 

Prom these experiments it will be seen that hydrogen peroxide was 
formed when ether, water, and oxygen were together exposed to 
light when the specimens of ether were prepared—(1) from tho com¬ 
mercial “ pure ” product subsequently treated with potassium di¬ 
chromate ; (2) from pure alcohol and pure sulphuric acid, the pro¬ 
duct being afterwards treated with potassium dichromate or hydriodic 
acid; (3) from pure ether as in (2), in which hydrogen peroxide 
had been formed, but had been removed by further agitation with 
potassium dichromate; (4) from an entirely different specimen of 
pure alcohol and pure sulphuric acid, the ether being further purified 
with potassium dichromate, its purity being confirmed by the agree¬ 
ment of its boiling point with that obtained by other observers. 

Dunstan and Dymond state that the formation of hydrogen per¬ 
oxide in ether is the result of some unknown impurity, which can, 
however, be removed from even the methylated product by treatment 
with potassium dichromate; it might, therefore, be supposed that 
ether prepared with the utmost care from pure materials would after 
such treatment be freed from this substance, but, as has been 
shown, hydrogen peroxide is still formed in such a liquid after expo¬ 
sure to light, provided oxygen and water are present. Even on the 
supposition that the impurity escaped decomposition in the first 
instance, a second application of potassium dichromate should be 
sufficient to completely rid the ether of this body, but again it is 
found that hydrogen peroxide is formed in the ether after a few days 
exposure to light. 

In no case have I been able to obtain a specimen of ether in which 
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hydrogen peroxide is not formed after short exposure to light under the 
conditions above mentioned; and it -would seem that the explanation 
of the discordant results obtained by Dunstan and Dyrnond and by 
myself is to be found, not in the supposition that my ether was impure, 
but in the conditions under which the ether was exposed to light in 
the two cases. 

In the first place, one is led to enquire whether Dunstan and 
Dyrnond really had any oxygen above the ether in the bottle during 
exposure to light. For, although they describe minutely the nature 
and size of the bottles and the quantities of ether used, no allusion is 
made in their published paper to any precautions they may have 
taken to secure an atmosphere of oxygen or air in the space above the 
liquid. When ether is poured into a bottle, the vapour is evolved in 
such large quantities that the air is, to a great extent, expelled, and it 
is therefore open to doubt whether, if special precautions were not 
taken, sufficient oxygen was really present. 

In one experiment made with the object of ascertaining whether 
oxygen has any action on ether (Trans, 1890, 57, 577), these ob¬ 
servers passed 200 litres of oxygen in the course of two days through 
ether heated nearly to its boiling point, and they remark that, 
although the ether was exposed to light during this period, no 
hydrogen peroxide was formed; two days exposure to light in a 
London laboiatory would, however, hardly be sufficient to bring about 
the formation of a recognisable quantity of peroxide, even when 
oxygen is used. 

In my own experiments, oxygen or air was in every case passed 
into the bottles immediately after the ether had been added; the 
stoppers were then inserted, and the bottles exposed to light in an 
inverted position, so that no gas could escape without first expelling 
the whole of the liquid. Again, it is to be noticed that Dunstan and 
Dyrnond used bottles of faintly greenish glass, which absorbs, to a 
considerable extent, the rays most influential in bringing about the 
formation of hydrogen peroxide. Lastly, it does not appear that 
they distilled the ether after treatment with potassium dichromate 
and sodium hydrogen sulphite, or after purification with hydriodic 
acid and sodium thiosulphate; traces of any of these reagents would 
be sufficient to decompose the minute quantities of hydrogen per¬ 
oxide formed under the most favourable conditions. One is, there¬ 
fore, led to suppose that the results obtained by Dunstan and 
Dyrnond, seemingly so diametrically opposed to my own, may possibly 
be due to one or more of the following circumstances:— 

(1.) To the presence of ether vapour instead of oxygen above the 
liquid. 



56 RICHARDSON: ACTION OP LIGHT ON PURE ETHER 

(2.) To tlie partial absorption by the glass of those rays which are 
most influential in bringing about the change in the ether. 

(3.) To the presence of traces of reagents which decompose hydro¬ 
gen peroxide. 

Taking these points into consideration, it is not, perhaps, remark¬ 
able that their results do not agree with those of other observers, and 
they do not appear to be justified in concluding, as they do, that the 
experiments made by them “ conclusively demonstrate that hydrqgen 
peroxide cannot be formed from purified ether by exposing it to 
light, under ordinary atmospheric conditions in contact with air and 
water (loc . eit, p. 584).”* 

The experiments described by me show, on the contrary, that 
hydrogen peroxide is formed in pure ether, even after treatment 
with potassium dichromate or hydriodic acid, when exposed to light, 
provided— 

(1.) That the ether vapour iu the bottle is replaced by moist air or 
oxygen in the first instance. 

(2.) That the bottles used are made of colourless glass. 

(3.) That the last traces of the reagents used in its purification are 
removed. 

Influence of Temperature on the formation of Hydrogen Peroxide in 

'Ether. 

The oxidation of ether at high temperatures has been investigated 
by Legler (Her., 14, 602, 18, 3343; Annalen, 207, 381) and by 
Perkin (Trans., 1882, 41, 343), but it does not appear clear that 
hydrogen peroxide was amongst the products of decomposition ob¬ 
tained by these experimenters. It was also observed by Danstan 
and Dymond (Trans., 1890, 57, 585), that hydrogen peroxide was 
not formed when a mixture of ether vapour and oxygen was passed 
over strongly heated pumice; they, however, found that when cold 
water was in close proximity to the heated vapours, the peroxido 
was formed in considerable quantities. Although I have been un¬ 
able to detect the presence of hydrogen peroxide in ether which has 
been kept in contact with moist oxygen in the dark, at ordinary tem¬ 
peratures, yet I have found that at comparatively low temperatures 

* This, as Hessrs. Dunsfcan and Dymond have since explained (Proc., 1890-01, p 
147), applies to the conditions under which the first series of experiments was per¬ 
formed, namely, diffused sunlight in London, and the electric arc-light. In the second 
series (Trans., 1890, 988), with intense sunlight in a clear atmosphere, hydrogen 
peroxide was formed in quantity sufficient to be detected by the chromic reaction. 
[Editoe.] 
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this substance was formed. Ether and moist oxygen were heated 
together in the dark at 60° for 40 hours; on testing the liquid, it 
was found that hydrogen peroxide had been formed to a considerable 
extent. 

Again, when a similar mixture was heated in the dark for four 
days to a temperature ranging between 78° and 88°, hydrogen peroxide 
was detected in the liquid; in these experiments, the quantities of 
ether taken were such that it was not entirely converted into vapour. 

Ih a third experiment, the same quantity of ether as in the last case 
(contained in a sealed tube) was placed in a flask of 1000 c.c. capacity, 
which was filled with moist oxygen and sealed; the tube was then 
broken, and the mixture of ether and oxygen exposed to a tempera¬ 
ture of 75—88°. Under these conditions, the whole of the liquid was 
converted into vapour; after four days heating, the contents of tho 
flask were tested for hydrogen peroxide, and it was found that only 
an extremely minute tiace of this substance was formed. 

The experiments so far described throw no light on the question 
whether the hydrogen peioxide formed in presence of ether is a 
direct product of oxidation of water present, or is due to the oxida¬ 
tion of the ether. As this point is of considerable interest, the 
following experiments seem to show that the formation of the per¬ 
oxide is due to the direct oxidation of the ether by light, as suggested 
by Berthelot, and that perfectly dry ether and oxygen give, after 
exposure, a compound which, on the addition of water, forms hydro¬ 
gen peroxide. 

Ether was dried by exposing it to a large surface of metallic 
sodium contained in one limb of a bent sealed tube, and after 11 
days contact with the metal, a portion of the liquid was distilled into 
the other limb, which had been previously drawn out. It was then 
sealed off, and the distillate so obtained transferred to an outer tube, 
through which dry oxygon was drawn for four days; it was then 
sealed, and the inner tube broken. The mixture of ether and oxygen 
was tested after eight days exposure to light, and gave the hydrogen 
peroxide reactions with potassium iodide and with titanic acid. In a 
second experiment, the mixture of dry ether and oxygen was exposed in 
the dark to a temperature of about 70° for four days; in tbis as in the 
previous case, the liquid was found to contain hydrogen peroxide 
when tested with a solution of titanic acid. 

If sodium is capable of removing completely the last traces of 
moisture from ether, the formation of hydrogen peroxide in these 
experiments is not due to the direct oxidatiou of water, as I had at 
first supposed; the results of other experiments, however, which are 
not yet completed, show that, under proper conditions, water itself 
is slowly oxidised under the influence of sunlight. 
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Note .—In a subsequent paper, Dunstan and Dymond have published 
the results of further experiments on this subject (Trans., 1890, 57, 
988), in which they state that hydrogen peroxide is formed by the 
action of sunlight on moist ether in presence of oxygen. 


TIL —Volumetric Estfoliation of Tellurium . Part I. 

By Bohuslay Brattxer, Ph.D., Professor in the Bohemian University, 
late Berkeley Fellow of Owens College. 

In my researches on tellurium (Trans., 1889, 382), I required a rapid 
and accurate process for its determination, but as all the known 
methods are gravimetric, and weighed filters have to be used, the re¬ 
sults are not only liable to considei able errors, but also take a great 
deal of time and trouble. 

As no volumetric methods for the estimation of tellurium have 
been published hitherto, I have devised and worked out some of this 
character, at first with a view to their technical application, but as the 
work progressed I studied the process, so as to develop it into an accu¬ 
rate volumetric method, and I now beg to lay the results 1 have 
obtained before the Society. 


First Method. 

Principle .—Solutions of telluiium dioxide in hydrochloric acid ar«» 
reduced by stannous chloride, tellurium being precipitated, and stannic 
chloride formed. 

a . TeCl* 4- 2SnCh = Te + 2SnCl 4 , or 

h. H s TeO s 4- 2SnCl, 4* 4HC1 = Te 4- 2SnCl* 4- 3H a O, or 

c . Te0 2 + 2SnCl s 4- 4HC1 = Te 4- 2Sn01 4 4- 2H,0. 

The excess of reduced stannous chloride can then be determined by 
means of iodine solution volumetrically: 

SnCl, 4- 2HC1 4- I 3 = SnCl* 4- 2HI. 

The method requires— 

a. A solution of stannous chloride, prepared by boiling about 
80 grams of granulated tin with 200 c.c. of hydrochloric acid, until 
hydrogen is no longer evolved, pouring off, adding some 450 c.c. of 
hydrochloric acid, and diluting to one litre. The solution is preserved 
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in an atmosphere of carbon dioxide, and may be further diluted with 
water, according to the smaller or larger amount of tellurium which 
is to be determined. 

fi. A solution of about 7 grams of iodine and 10 grams of potas¬ 
sium iodide in 1 litre of water. 

Determination .—The hydrochloric solution of tellurium dioxide is 
brought into a measuring flask of 100 c.c. capacity, and the stannous 
solution added while the liquid is warmed. At first a turbidity, con¬ 
sisting of finely divided tellurium, is produced, but, as soon as the 
stannous chloride is in excess, voluminous flocks of tellurium sepa¬ 
rate, and the liquid becomes perfectly limpid, especially after boiling. 
When the careful addition of stannous chloride no longer produces a 
precipitate, freshly boiled water is added up to the mark, the air in 
the neck of the vessel is displaced by cai*bon dioxide, by throwing in 
some sodium hydrogen carbonate, and the closed flask is cooled to 
the ordinary temperature by immersing it in water. While this is 
taking place, the relation between the stannous chloride and the 
iodine solution is determined in the usual way, using starch solution 
as indicator. When the flask containing the tellurium is cooled, it 
is filled up to the mark, tho whole mixed, and the excess of stannous 
chloride determined in a measured portion of the clear liquid by 
means of iodine solution. It is convenient to filter the liquid through 
a folded filter, or Fessenden’s modification of it ( Cliem . News, 60 , 102), 
in order to avoid the presence of finely divided tellurium, as this 
slowly decolorises iodine. The volume of iodine solution required 
for the whole 100 c.c. is calculated (neglecting the very small volume 
occupied by the tellurium, as the bulk of 1 gram of the latter is only 
0*16 c.c.), and from this the amount of stannous chloride correspond¬ 
ing with it; on subtracting this from the stannous chloride originally 
employed, the volume of stannous chloride required for the pre¬ 
cipitation of tellurium is found. 

In order to ascertain whether the reaction between stannous chlor¬ 
ide and a hydrochloric solution of tellurium dioxide* corresponds 
with the equations a, &, and c, given above, the following experiments 
were undertaken. 

The filtrates obtained after precipitation of the tellurium were 
tested for it, but none was found; the precipitation under the given 
conditions may therefore bo regarded as complete. 

Starting with the relations of tho iodine solution to the stannous 
chloride solution, and to a solution of a known weight of arsenions acid, 

# Such a solution, as long as it is concentrated, contains yellow tellurium tetra¬ 
chloride, together with a hydrochloric solution of tellurous acid, which is colour¬ 
less. The proportion of the latter increases on dilution, and at last the liquid 
becomes colourless. 
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tlie volumes of iodine and stannous chloride solutions, corresponding 
with a known weight of tellurium dioxide, were calculated, in accord¬ 
ance with the following proportion:—As,i0 3 :41: 2SnCl>: To0 3 . This 
supposes that the ratio of the quantity of iodine which is capable of 
converting 198 pts. of arsenious acid into arsenic acid is the same as 
the ratio of a quantity of stannous chloride necessary for the reduc¬ 
tion of 159*6 grams of tellurium dioxide. 

Exp. 1.—A solution of sodium arsenite, containing 0*0 £95 gram 
•AsjOj ( T qVo Biol.), and equivalent to 0*0399 gram Te0 2 (tztoo tool.), 
required 17*15 c.c. of iodine solution. 

0*4803 gram of TeO s was dissolved in hydrochloric acid, and 55 c.c. 
stannous chloride solution added, 5 c.c. of which required 47*65 c.c. of 
iodine solution. 10 c.c. of the filtiate, the total of which was 100 c.c., 
required 31*65 c.c. iodme solution, and the total, therefore, 316 5 c c., 
this being equivalent to 33*17 c c. of the stannous solution, so that 
55 — 33*17 = 21*83 c.c. stannous solution were used for the reduction 
of the tellnrium oxide, coresponding to 208*0 c.c. iodine solution. As 
17*15 c.c. of the last correspond to 0 0495 gram As 3 0 3 , and ought to 
correspond to 0*0399 gram TeCK, the volume of stannous solution 
calculated for 0*4803 gram Te0 3 becomes 21*66 c.c, and that of 
iodine solution, 206*5 c c. This agrees as well with the 21*83 c.c. 
stannous solution, and 208*0 d.c. iodine solution actually employed, as 
could be expected, having regard to the different and indirectly com¬ 
parable functions of the bodies entering into the reactions. 

The second method of control was founded on the following more 
simple proportion:—Te0 2 : 2SnCl 3 : 41. 

Exp. 2.—0*4499 gram dry iodine, resublimed in the presence of 
potassium iodide, was dissolved in potassium iodide solution, and it 
was found that 32 42 c.c. of the stannous solution were required for 
its decolorisation, hut 20 c c.of the same stannous solution were found 
equivalent to 36*6 c.c. of the empirical iodine solution, which there¬ 
fore contains 0*27754 gram iodine in 30*6, or 0*0075833 gram in 1 c.c. 
As 126*85 parts of iodine are equivalent to 89*9 pts. of tellurium 
dioxide, 1 c.c. of the iodine solution represents 0 0028853 gram TeO> 
A solution of 0*1765 gram Te0 2 in hydrochloric acid was boiled with 
11 c.c. of stannous chloride, and the excess of the latter was deter¬ 
mined -with iodine solution, of which 22*5 c.c. were required = 
2*548 c.c. stannous chloride, as 1 c.c. stannous solution = 8*83 c.c. 
iodme solution, so that 11 — 2*548 = 8 452 c.c. stannous solution 
= 74*63 c.c. iodine solution were required for reduction. Tho weight 
of tellurium dioxide calculated from these data is 74 63 x 0*0023853 
= 0*1780 gram, instead of the 0*1765 gram taken. 

Exp. 3.—Another experiment of this kind yielded: S tanno us 
solution = 11*0 c.c.; retitration with iodine = 23*15 c.c.; for reduction, 
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stannous solution = 8*738 c.c. = 73*98 c.c. iodine solution = 
0*17646 gram Te0 2 , instead of the 0*1765 gram taken. Both, these 
experiments show that the reaction between stannous chloride and 
tellurium dioxide really corresponds with the equations a , 6, and c. 

In actual practice tho volumetric solutions wero generally standard¬ 
ised by means of pure substances, the quantity of the latter being 
subsequently determined. In accordance with this principle, the 
following experiments were made, the relation between the stannous 
chlonde and iodine solutions being as follows :— 


Expts. 

« 

99 

99 


4— 7.. 
8 — 10 .. 
11 — 12 .. 
13—14.. 


1 c.c. SnCl 3 = 14*1 c.c. I = 0*02231 gram Te0 2 . 
1 „ =16*8 „ =0*03931 

1 „ = 8*83 „ =0*02089 

1 „ = 1*85 „ =0*00431 


No. of 

SnCl, 

I = SnCl 2 

i i 

SnCl* for 


Too, 

Experi¬ 

ment. 

added. 

bat 

:k. 

reduction. 


found. 


e.c. 

C.C. 

c.c. 

e.c. 

granib. 

grains 

4 

25 

79 *5 

5*63 

19*37 

0*4322 

— 

5 

21 

54 -75 

3 90 

17-20 

O 3815 

0-3830 

6 

55 

110 *04 

8*23 

4G-77 

1*0436 

| 1-0492 

7 

17 

S9*l 

6*32 

10*68 

0-2348 

1 0-2383 

8 

5 

8*5 

0*51 

4*49 

0-1763 

1 0-1797 

9 

14 

163 *1 

9*43 

4*57 

0*1765 


10 

6 

26*0 

1*35 

4 *43 

0-1765 

1 0-1730 

11 

11 

22-5 

2-65 

8*45 i 

0 1765 


12 

11 

23-1C 

2-62 

8*38 

0-1765 

0-1750 

13 

23 

4.-66 

2*51 

20-49 

0-0883 

- 

14 

25 

7-85 

4*21 

20-76 

0-0883 

0*0895 


Critical }Remarks. 

It will bo seen from the above experiments that the results obtained 
by the stannous chloride method are sufficiently accurate for certain 
practical purposes. The following sources of error in this method 
must be noted, however. 

The stannous chloride solution is very easily oxidised by the action 
of the oxygen of the air, so that its strength continually diminishes, 
especially during the boiling, cooling, and subsequent filtration, as 
shown by the following experiment:— 

Exp. 15.—2 c.c. SnCl 2 solution, requiring originally 33*6 c.c. iodine 
solution, was diluted with water, boiled, and after cooling filled up to 
100 c.c. Of this solution, 20 c.c. required 6*68 c.c. iodine solution j 
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the whole 100 c.c., therefore, would require 33*4 c.c. iodine solution 
After filtering:, only G*64 c.c. iodine were required for the 20 c.c. = 
33*2 c.c. for the whole 100 c.c., so that the original strength, 2*00, 
becomes 1*99 in the first, and 1*98 in the second case. Owing to 
this source of error, the stannous chloride in excess will be found 
somewhat smaller, and the amount of tellurium dioxide correspond¬ 
ingly larger than it should be. A correction corresponding to the 
blank experiment may be introduced into the quantitative determina¬ 
tion, although, if the method of comparison (see Exps. 4—14) be 
employed, this would be necessaiy only when the volume of tho 
stannous chloride used varies withiu wide limits. 

Other sources of error may also exist, although they cannot be 
ascertained with certainty. For instance, the tellurium probably 
carries down some tin with it as telluride. although this is doubtless 
difficult to prove. It seems, however, from the results obtained, that 
this source of error, as also the effect of the varying amount of hydro¬ 
chloric acid present, does not affect the result seriously. 

Application of the Method. 

To show the application of the method just described, the basic 
bulphate of tellurium was analysed. 

Exp. 16.—0*3198 gram of tellurium sulphate was dissolved in 
hydrochloric acid and precipitated with stannous chloride solution, of 
which 15 c.c. was used. Excess determined with 32*75 c.c. iodine = 
3*39 c.c. stannous solution, so that 11*61 c c. stannous solution was 
used for reduction. As in Exp. 1, 0*4803 gram TeO> was indicated 
by 21*83 c.c. of the same stannous solution, the 11 61 c.c. = 0*25544 
gram Te0 2 . This gives for 100 parts of the salt— 

Calculated for 

Te>0 4 ,SOj. Found. 

TeO,. 79*95 79*88 

Second Method. 

Kessler (Fogg., 95, 204; 118, 117) has shown that, on the addition 
of chromic acid to hydrochloric solutions of arsenious or antimonions 
oxides, these are converted into arsenic and antimonic acids. A 
similar reaction might be expected to take place with a solution of 
tellurium dioxide, and it was supposed that the reaction would be the 
following:— 


d. 3H 2 Te0 3 -f K 4 Cr,0 ; -h 8HC1 = 3H 4 Te0 4 + 2KC1 + CivCL 
+ 4H s O, or 
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€. 3TeOj t + 8H01 — 3TeOa -I- 2EZC1 4- Cr 3 Cl(i + 

4HoO, or also 

f. 3 Te 03 “1“ K 3 Crs0 7 + 4 IT 3 S 04 = STeO^ -f- K 3 S0 4 4* Cr 3 (S0 4 ) 4 
4~ 4H a O. 

To a hydrochloric solution of tellurium dioxide, after dilution with 
water, potassium dichromate solution was added in excess, and after 
some time the excess of dichromate was determined by means of a 
solution of ammonium ferrous sulphate, which was added until a drop 
of the solution brought into a fresh dilute solution of potassium 
ferricyanide gave a distinct blue coloration. The relation between 
the dichromate and the ferrous solution was determined in the same 
manner. 

A series of experiments was first made, in order to see whether the 
reaction between tellurous and chromic solutions corresponded with 
the above equations d, e , and /. 

2*5 grams of potassium dichromate was dissolved in 1 litre of water, 
and 10 c.c. of this solution were found to oxidise 2*83 c.c. of the 
ferrous solution. 

Exp. 17.—0*048 gram arsenious acid was dissolved in sodium 
carbonate, and the solution then acidified with hydrochloric acid. 
The solution was found to require for oxidation 18*63 c.c. K 3 Cr 2 07 
solution, which corresponds with 0*07738 gram Tc0 2 , for 198 parts of 
Ar 2 0 3 (1 mol.) are oxidised by the same quantity of dichromate as 
319*2 parts of TeO s (2 mols.). The 0 0737 gram of Te0 3 used for the 
experiments below ought to require 17*3 c.c. of K a Cr 2 0 7 solution. 

Exp. 18.—0*1064 gram pure iron was dissolved in dilute sulph¬ 
uric acid, and 35*95 c.c. of the chromic solution was used for its 
oxidation. According to the equation 

6FeS0 4 + K 2 Cr 2 0 7 + 7H 3 S0 4 = 3Fe 3 (S0 4 ) 3 + K 2 S0 4 + 

Cr 3 (S0 4 ) 3 + 7H a O, 

336 parts Fe (C atoms) and 478*8 parts TeO» (3 mols.) require one 
and the same quantity of dichromate for oxidation, so that 1 c.c. of 
the above chromic solution indicates 0*004218 gram Te0 2 , and 
0*0737 gram Te0 2 should require 17*5 c.c. dichromate solution. 

The strength of the dichromate solution may also be calculated 
from the quantity of dichromate contained in it. As 295*36 parts 
K 0 C 12 O 7 (1 mol.) oxidise 478*8 parts Te0 2 (3 mols.), 1 litre cf the 
solution, containing 2*5 grams K 2 Cr 3 0 7 , oxidises 4*1493 grams TeO ? , 
so that 0*0737 gram Te0 3 requires 17*8 c.c. The following first series 
of approximate results was obtained:— 
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No. of 
experi¬ 
ment. 

X 2 Ct 2 0 7 

added. 

FeS0 4 = K,Ct 2 O t . 
v-' 

back. 

fCjCr^Oj-for 

oxidation. 

H s O 

pre¬ 

sent 

HOI 

pre¬ 

sent. 

H 2 SOil/3 

present. 


c c. 

c.e. 

c c 

c c. 

cc. 

cc. 

c.c 

19 

35 

4 6 

-16-3 

19-7 

1 100 

20 

— 

20 

35 

4*4 

-15*5 

19*5 I 

10 

— 

10 

21 

36 

4 7 

-16-4 

19 6 

10 

— 

10 

22 

40*5 

5*9 

-20 7 

19 8 ] 

100 

10 

— 

28 

40 

5*7 

-20*0 


100 

— 

10 

24 

40 

5*7 

-20 *0 


! 100 

20 

— 

25 

20 

1*0 

- 2*8 

17 *2 

wX »!>■ 

10 

— 

26 

20 

0 7 

- 2*5 

17-5 

200 j 

10 

— 


The duration of interaction between the chromic and tellnrous 
solutions was one hour in Experiments IS, 19, 20; 16 honrs in 21, 
22, 23; two minutes in 24; and five minutes in 25. 

Another solution containing 0*1096 gram Te0 3 would require, when 
calculated from the quantity of dichromate dissolved, 26*4 c.c. oi 
dichromate solution. 


No. of 
experi¬ 
ment. 

K,Cr,0- 

added. 

1 FeS0 4 — KiOriOy. 
j back. 

EoClsOy 

for oxida¬ 
tion. 

H 2 0 

present. 

HOI 

present. 


CC. 

cc. 

c c. 

cc. 

c.c. 

C.C. 

27 

18 

1*3 

-2 3 

15*7 

100 

— 

28 

30 

2*4 

-4*5 

25*5 

100 

10 

29 

20 

1*8 

-3 3 

16*7 

100 

10 

30 

25 


-0 2 

21*8 

100 

10 

31 

30 


-4 0 

25*6 

100 

10 

• 32 

30 


-3*4 

26 6 

100 

10 

33 

30 

i 


-3 4 

26*6 

100 

10 


Duration of experiments:—Experiment 27, 2 min.; 28, 15 min.; 
29, 2 min.; 30,10 min.; 31, 15 min, 32 and 33, 24 hours. 

A solution of 0*0828 gram TeOj, requiring 20*0 c.c. K.Cr^O?, ■was 
used in the following experiments:— 


No. of 
experi¬ 
ment. 

K 2 Cr 2 0 7 

added. 

FeS0 4 = E 2 Cr 2 0 7 . 

back. 

KaCrPy 
foi oxida¬ 
tion. 

H.0 

present. 

H01 

present. 


c c. 

C.C. 

c c. 

ce. 

cc 

cc. 

34 

30 

| 5*6 

-10 0 

20*0 


3 

35 

30 

5*6 


20 0 

100 

10 

36 

30 

5*8 

-10*2 

19 *8 

100 

3 

37 

30 

5*6 

-10*0 

20 0 

100 

10 

38 

30 

5*7 

-10*1 

20*1 

100 

20 

39 

30*2 

! 5*6 

-10 0 

20*2 

100 

| 30 
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Duration of experiments:—Experiments 34 and 35, 24 hours ; 36, 
37, 36, and 39, 10—15 minutes. 

From these experiments, the first series of which is only approxi¬ 
mately accurate, it will be seen that the oxidation of tellurous acid is 
the more complete, the longer the action of the dichromate, the 
larger the volume of the dichromate solution added, and the larger 
the quantity of hydrochloric acid present. In sulphuric acid solution, 
the reaction corresponds with the equation c, but requires more time 
than in hydrochloric solution. 

The last series of experiments was made with a standard solution 
of pure potassium dichromate. The purest commercial salt* was 
parified by fractional solution in and disturbed crystallisation from 
water, the middle portions only being used. 2*5936 gram (-^ mol. 
weight) was dissolved in water and diluted to 1 litre, 1 c.c. of the 
solution indicating 0 004788 gram TeOa (tStf mo ^ weight). 3T8bO 
grams Te0 2 w r as dissolved in 50 c.c. of hydrochloric acid and diluted 
to 100 c.c., so that 5 c.c. of the solution taken for each experiment 
contained 0*1594 gram Te0 2 . In each experiment, 20 c.c. concentrated 
hydrochloiic acid ‘was added, and water to make up the total volume 
to 100 c.c. The volume of the diobromate solution was nearly equal 
iu all the experiments, so that the whole series of experiments was 
carried on under precisely similar conditions, except that the duration 
of the action was varied, as seen from the last column. The volume 
of dichromate solution necessary for the complete oxidation of 0*1594 
gram TeOi is = 33*3 c.c. 


No. of 
experi¬ 
ment. 

KgCtfjO? 

added. 

FeS0 4 = 

bu 

KgCrgOy. 

V ---* 

ok. 

i 

K 3 Cr 2 0 7 for 
oxidation. 

Time. 


c.c. 

c e. 

c.c. 

C.C. 

li. 

m. 

40 

43*4 

13*0 

—23 "1 

20*3 

0 

1 . 

41 

40*0 

10*7 

-17-8 

22 *2 

0 

2 

42 

40*4 

6*1 

-10*4 

30 0 

0 

7 

43 

40-4 

4*9 

- 8*2 

31*8 

0 

10 

44 

40*0 

4 5 

- 7*5 

32*5 

0 

17 

45 

40*0 

4*4 

- 7*3 

32 *7 

0 

30 

46 

40 0 

4*3 

- 7*2 

32*8 

1 

0 

47 

41*0 

4*9 

- 8*2 

32*8 

1 

15 

48 

40*5 

4*4 

- 7*3 

33 2 

3 

50 

49 

41*0 

4*7 


33*3 

5 

40 

50 

40*5 

4*2 

sSBn 

33*4 

18 

0 * ’ 

51 

40*0 

4*0 


33 *4 

18 

0 

52 

40*0 

3*8 

m 

33*7 

25 

o « 


On graphically representing the data obtained in this series by a 
curve, the volumes of dichromate solution standing as ordinates end 
VOL. lix* r 
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the time of interaction as absciss®, a very regular hyperbola, running 
through the points, is obtained, as seen from the Plate. 

C)itical Remaiks. 

The hyperbola, on reaching the point y = 33*3, does not take a 
direction parallel to the axis z, but rises slowly further on, but as 
after one hour’s action almost all the tellurons acid is converted into 
telluric acid, a secondary reaction may be assumed to take place. 
The experiments were made at a summer temperature of 25—30°, 
and. a feeble, peculiar odour, like that of chlorine or ozone, was 
observed after some time, which must be due to the action of the 
mixture of chromic and telluric acids on the hydrochloric acid, as 
chromic acid alone in the presence of hydrochloric acid is found to 
require the same amount of ferrous solution for titration after 24 hours 
as immediately after mixing. 

The mixture of chromic and telluric acids, therefore, will require 
less ferrous solution, and the quantity of chromic solution required 
for oxidation will he found somewhat larger. The secondary reaction 
may take place in the following two phases:— 

g . H a Te0 4 + 2HC1 = H^TeO^ + Cl 3 + H 2 0, and 

h. 3H 2 TeO* + K 2 Ci\A + 8HC1 = 3H 5 Te0 4 + 2KC1 + 0r 2 0I 6 

+ 4HA 

The observed rise of the hyperbola may he due to this reaction. 

Another source of error is due to the fact that the blue coloration 
with potassium ferricyanide, which is produced when all the chromic 
acid has been destroyed by the ferrous sulphate solution, appeals 
distinctly only when 100 c c. of the solution contains an excess of 
0*4—0*5 c.c. fenous solution. On applying this correction to the 
process of determining the relation between the ferrous and chromic 
solutions, as well as to the final titration of the tellurous solution, the 
result is very considerably influenced. 

Uncorrected:—20 c.c. K 2 Cr 2 0 7 = 12 07 c.c. PeS0 4 , and 41 c.c. 
KaCrsOi — (4*65 c.c. FeSO* = 7*7 c.c. KjCr-A) = 33*29 c.c. K 2 Cr 2 0 7 . 

Corrected:—20 cc. K 2 Cr 2 0 7 = 11*62 cc. FeS0 4 , and 41 c.c. 
K 2 Cr s 0 7 - (4*20 c.c. FeS0 4 = 7*23.c.c. K 2 Cr 2 0 7 ) == 33 77 c.c. K 2 Cr*0 7 . 

The correction which must be applied to the volume of chromic 
solution used for oxidation is +0*5, and we see that according to this 
the theoretical quantity of 33*3 c.c. KjCr.O; is required after an 
interaction of one hour. But it is uncertain whether one and the 
same correction can be applied both in standardising and in making 
the Anal experiment. 

As the reaction between tellurium dioxide and chromic acid in 
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hydrochloric acid solution requires at least one lionr for completion, 
it is perhaps rather of theoretical interest than useful as a practical 
volumetric method. . 

Further volumetric methods for the determination of tellurium will 
be described in a future paper. 


VIII .—Note on Dibenzanilide. 

By J. B. Cohen, Ph.D., Owens College, Manchester, 

The researches of Paal and Otten (Her., 23, 2587), and of Pictet 
(Her., 23, 3011), which have recently appeared, induce me to publish 
the following observations, which 1 made some time ago. In the 
latter portion, I was greatly assisted by Mr. F. Brownsword, B.Sc., 
a former student in this laboratory. 

When a mixture of phenylthiocarbimide with benzaldebyde is 
heated for some hours at 190°, sulphuretted hydrogen is evolved, and 
several products are formed. These consist mainly of benzanilide 
and benzaldehyde-aniline, and form a semi-solid mass from which the 
benzanilide may be isolated by filtration. The latter was recrystal¬ 
lised from alcohol and melted at 161—162°. When heated in a 
sealed tube with concentrated hydrochloric acid, it splits up into, 
aniline and benzoic acid. The following result was obtained on 
analysis:— 

0*1995 gram gave 12*4 c.c. of N at 16*5° and 761*2 mm. 

Pound. Calculated. 

BT. 7*36 7-10 

The reaction is a complex one, and was not studied further. A 
similar reaction described by Losauitsch (Her., 6,176), and repeated 
by Higgin (Trans., 1882,132), consists in heating phenylthiocarbimide 
with benzoic acid at 220°. A solid product melting at 160° is thus 
formed, which is stated to be dlbenzamlide ; but in neither paper is 
any analysis given. The similarity of the two reactions, and the 
alleged difference in the product obtained, induced me to repeat 
Losanitsch’s experiment. The product of the reaction is a solid, 
crystalline mass, which, when recrystallised from alcohol, melted at 
161—162°. 

The following result was obtained on analysis 

0*2150 gram gave 13*4 c.c. of UT at 13*4° and 775*5 mm. 
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Calculated for Calculated for 
Found. benzanilide. dibenzanilide 

!N. 7*60 per cent. 7*10 4*63 


The compound is obviously benzanilide. 

In this as in all subsequent analyses, the nitrogen alone has been 
determined, as this suffices to establish the identity of the compound 
with benzanilide or dibenzanilide. 

To confirm the above result, and to compare the product with 
dibenzanilide, I attempted to prepare the latter by the methoS. of 
Gerhardt and Chiozza (Ann. Chim. Phys. [3], 46, 120) bv heating 
a mixture of benzanilide and benzoyl chloride in molecular propor¬ 
tion at 160—180°. In doing so, I followed in detail the method of 
Gerhardt and Chiozza; but was entirely unsuccessful in obtaining 
dibenzanilide.* The substance was purified by the method given in 
their paper, namely, by digesting with sodium carbonate solution, 
washing with water, and recrystallising the product from alcohol. 
Prepared in this way, the compound obtained is a white, granular 
mass consisting of aggregates of microscopic crystals, differing 
entirely in appearance from the glistening plates of benzanilide. The 
substance, which was evidently impure after two recrystallibafcions, 
melted at 158°, and gave the following results on analysis:— 

1. 0-2020 gram gave 13“1 c.c. of K at 24° and 759*9 mm. 

2. 0-2168 „ „ 14*2 „ „ 15*5 „ 747*8 „ 

Nitrogen found. 

1. 7*54 per cent. 


The above* process was then repeated under a variety of different 
conditions. The mixture of benzanilide and benzoyl chloride was 
heated at 200°, 220°, and 230° for different periods from 3 to 12 hours, * 
and also in sealed tubes at 180°. 

In the latter case, it may be mentioned that no excess of pressure 
was observed *on opening the tubes. This would prove that no great 

* The authors state that gaseous hydrogen chloride is evolved during the re¬ 
action, but this is not the case. The evolution of hydrogen chloride is not more 
apparent than when benzoyl chloride alone is heated at the same temperature in an 
open vessel, as I observed by placing benzoyl chloride in a flask in the same bath 
with the mixture. There was no marked evolution of gas in cither case. Gerhardt 
and Chiozza obtained, as a result of one analysis, 5 per cent, of nitrogen in place of 
4*6 per cent. The percentage, which I recalculated from their figures, should be 
5*22 per cent. This is undoubtedly due to tbe fact that the benzanilide, which 
remains unaltered in the process, contains benzoic acid, from which it is ex¬ 
ceedingly difficult to free it The low melting point (137°) may also be accounted 
for in this way. 
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evolution of gas had occurred during the heating. In the many 
analyses made of both the impure and purified product, in not one 
instance did the percentage of nitrogen fall below 7 per cent. 

The following are some of the results of the analyses of the pro¬ 
ducts obtained at 180°. 

1. 0*2170 gram gave 13*4 c.c. of N at 16° and 750 mm. 

2. 0*2068 „ „ 12*65 „ ,, 12*9° „ 739 85 mm. 

3„ 0*2160 „ „ 13*4 „ „ 13*5° „ 750*9 „ 

Per rent, 
of N found 


1. After heating in a sealed tube for 4 hours at 180° and 

crystallising the product three times. Melting point 
158°... 7*19 

2. After heating at 180° for 4- 5 hours and crystallising 

once. 7*13 

3. After heating at 180° for 4—5 hours and crystallising 

three times. 7*34 


The following experiment was then carried out:—45 grams of 
pure benzauilide melting at 160—160*5° were heated at 180° with 
34 grams of benzoyl chloride for five hours, and the liquid product 
poured whilst hot into a large volume of cold water. To prevent 
possible decomposition of dibenzanilide, the product was digested 
with sodium carbonate solution in the cold, by adding, successively, 
small quantities of a solution of sodium carbonate until an alkaline 
reaction remained permanent. It was then filtered, dried, and 
weighed. 43 grams were obtained. The substance was then sub¬ 
mitted to a process of recrystallisation from alcohol, and the melting 
point of each product determined as follows:— 

First Crystallisation .—Granular mass, m. p. 155°, also a minute 
quantity of needle-shaped erystals melting at 156°. 

Second Crystallisation .—White grains, m. p. 157—158°. A few 
needle-shaped crystals again formed and were carefully separated. 
These melted at 157°. 

Third Crystallisation. —Appearance similar to the previous product, 
m. p. 157—158°. No needles were present. 

Fourth Crystallisation .—Appearance unchanged, m. p. 157—159°. 
No needles. 

Fifth Crystallisation. —The crystals were more distinctly tabular, 
and had the characteristic glistening appearance of benzanilide, 
in. p. 157—159°. 

By evaporating the mother liquors from the separate crystallisa¬ 
tions, more granular crystals mixed with a brown resinous matter 
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separated, and from the last mother liquor, a small amount of benzoic 
acid was obtained. The presence of benzoic acid is not easy to 
explain. The amount of brown, resinous matter increases with the 
temperature at which the reaction is carried out. In an experiment 
made at 2.30°, the product was very impure from this cause, and after 
five crystallisations from alcohol, only melted slowly at 140—151°. 
Under these conditions, the percentage of nitrogen in the compound 
was always above the calculated amount. 

The quantity of the needle-shaped crystals was too small to afiow 
me uo do more than make a determination of the melting point. I 
attempted to obtain more of them by evaporating the mother liquors 
and dropping some of the needles into the solution to bring about 
crystallisation. On the assumption that benzanilide might be 
dimorphous, I also added a crystal or two to a saturated solution of 
pure benzanilide. In both cases I was unsuccessful in obtaining the 
needles. This compound may therefore be dibenzanilide. 

The literature of the subject would be incomplete without reference 
to the work of Steiner on tribenzhydroxylamine {Annalen, 178, 235). 
The author states that by heating a-tribenzhydroxylamine in a closed 
tube, dibenzanilide is formed and carbon dioxide evolved. The 
evidence for this is based on the decomposition of about 1 gram of 
substance, which gave a volume of gas roughly corresponding to the 
Amount required by the decomposition of the substance in the manner 
indicated. He admits that the product does not resemble dibenz¬ 
anilide, that it does not smell of phenyl cyanate; but possesses a 
strong odour of bitter almonds, and is to a great extent soluble in 
cold ether. The residue insoluble in ether, after crystallisation, 
formed small needles with the melting point 161°. Steiner, finding 
that the melting point did not agree with that of Gerhardt and 
Chiozza’s compound, repeated their experiment of heating together 
benzoyl chloride and benzanilide. The product, after recrystallisation, 
had the required melting point of 161°. The analysis gave 5*38 per 
cent, of nitrogen in place of 4*63 per cent. Like Gerhardt and 
Chiozza, Steiner probably obtained benzanilide containing benzoic 
acid.* 

The author concludes by stating that the products of decomposition 
of a-tribenzhydroxylamine “are not wholly, apparently not even to 
any extent, dibenzanilide and carbon dioxide.” 

We may then conclude that, up to the present, dibenzanilide has 

* This experiment was again repeated in 1882 by Higgin (Trans., 1882,132), at 
a temperature of 230 Q . The author obtained needles melting at 136°, but as he 
only determined the percentage of carbon in the compound, viz., 79*60 (benzanilide 
has 79*18 and dibenzanilide 79;73 per cent.), no satisfactory conclusions can be 
drawn. 



EASTERFIELD: PHENYLBROMACETIO ACID. 71 

not been prepared, at any rate not in the pure state. The synthesis 
of this compound I desire to reserve for future study. 

Paal and Otten, as well as Pictet, point out in the papers referred 
to at the beginning of this note, that by the action of benzoyl chloride 
on acetanilide, benzanilide and acetyl chloride are formed in 
theoretical quantities, and, from this and other experiments, state that, 
in this reaction, the acid chloride of higher molecular weight replaces 
that of lower molecular weight in combination with the amine. 
I hhd occasion incidentally to try and replace the amido-hydrogen 
atom in benzanilide by acetyl, and attempted this by heating 
benzanilide with acetic anhydride and a small quantity of fused 
sodium acetate. The benzanilide was converted into acetanilide 
which melted at 112°. It appears, therefore, that under these con¬ 
ditions the action is reversed. I intend to try this reaction with the 
other homologues of benzanilide. 

This is an additional confirmation of the fact that the replacement 
of the second amido-hydrogen atom by an acid radical in aniline is 
not readily accomplished by the ordinary methods. 


IX.— Phenylbromaceiic AM, an apparent Exception to the Le BeU 
YarCt Hoff Hypothesis . 

By T. H. Easterfield. 

Van’t Hoff, in his “ Dix Annees dans r His to ire d’une Theorie,” 
after referring fco the reservations which accompanied the introduction 
of bis fundamental idea, expresses his views in the following sentence 
(‘* Dix Annees,” p. 49) :—“ Or depuis lors la decouverte de Tactivite 
chez l’iodure de Talcool amyl secondaire CHI'CHj’CsH?, par M. le 
Bel, a prouve que meme la difference entre Thydrogene et un atome 
halogene suffit a la production du pouvoir rotatoire; depuis lors il 
parait que toute restriction a perdu sa raison d’etre.” Up to the 
present time, however, this amyl iodide of le Bel appears to stand 
alone as the only active compound in which we have reason to 
bolieve that a halogen is united to the asymmetrical carbon. It 
therefore seemed desirable that similarly constituted haloid deriva¬ 
tives should be prepared and studied. Accordingly, at the suggestion 
of Professor Emil Fischer, I have attempted to prepare other active 
substances of the type alluded to r aud although the results obtained 
so far are only of a negative character, they may perhaps possess 
sufficient interest to excuse their presentation before the Society, 
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Active mandelic acid was chosen as the parent substance; it was 
prepared from amygdalin according to the directions given by 
Lewkowitsch (Ber., 16,1565); 1 gram of. the acid was sealed np in a 
tube* with 10 to 15 times its weight of fuming hydrobromic acid 
saturated at 0°. The mandelic acid rapidly dissolved, yielding a 
clear solution. The tube was now placed in a water-bath at 50° and 
maintained at that temperature for two hours; at the end of that time 
the mandelic acid had become transformed into phenylbromacetic 
acid, CsH 5 *CHBr*COOH, most of which had separated as a light 
brown oil; this solidified on cooling, and after recrystallisation fiom 
boiling light petroleum showed a melting point of 78—80°. The 
alcoholic solution of the biominated acid was absolutely inactive; 
the melting point of tho acid corresponds with that of the inactive 
brominated acid prepared from inactive mandelic acid by the same 
ptocess. On gently warming the acid with dilute soda solution, 
acidifying, and extracting with ether, it yielded inactive mandelic 
acid melting at 118°. 

Similarly, plienylchloracetic acid, prepared by the action of hydro 
chloric acid on active mandelic acid, was found to be inactive and to 
correspond in melting point and general character with the inactive 
synthetical acid. With fuming hydrochloric acid, however, a tempera¬ 
ture of 95—100° was necessary in order to start the reaction. It 
was not found possible to prepare an active chlorinated acid by the 
action of phosphorus pentachloride on an ethereal solution of active 
mandelic acid. 

Fuming hydriodic acid appears to ha^ e no action on mandelic acid 
at low temperatures; at the temperature of the laboratory in summer, 
reduction took place gradually, no iodo-acid being formed. 

The resolution of the halogenated acids by means of the alkaloid 
salts was also attempted but without success; the chlorinated and 
brominated acids are slowly decomposed even by cold water, and the 
alkaloids at once lemove the halogen atom. The difficulty of 
finding a suitable solvent prevents these substances being submitted 
to the action of organised ferments. These remaiks apply equally 
to bromosuccinic acid, with which some experiments were tiied. 

Kekule (Annalen, 130, 21) has prepared bromosuccinic acid by the 
long-continued action of hydrobromic acid on active malic acid at 
100°. Here again the brominated acid was inactive, and yielded 
inactive malic acid on treatment with moist silver oxide. Kekule 
remarks that it would have been only reasonable to expect an active 
brominated derivative .to have been formed under these circum¬ 
stances; and surely the same remark holds good in the case of the 
reaction between hydrobromic and active mandelic acids at so low a 
temperature as 50°. In the case of malic acid, it may indeed be 
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supposed that maleic acid has been first formed, that this has been 
converted into fnmaric acid, and has then taken up the elements of 
hydrobromic acid to form the inactive bromosuecinic acid; such an 
assumption is impossible in the case of mandelic acid. 

It would be indeed rash to generalise from the few facts before us, 
but the possibility certainly seems to suggest itself that such strongly 
negative radicles as chlorine and bromine cannot be introduced by 
substitution into an asymmetrical active group without destroying 
the'activity of the molecule. This might be due either to the fact 
that there is something in the nature of these atoms themselves 
which prevents activity in their compounds, or what is perhaps more 
likely, because the introduction of so chemically potent an atom 
produces such a disturbing effect on the whole molecule that a 
general re-arrangement of its atoms becomes necessary; in other words, 
that intramolecular change takes place. 

The above investigation was carried out in the laboratory of the 
University of Wurzburg. I take this opportunity of expressing my 
deep indebtedness to Professor Fischer for the characteristic kindness 
which I have received at his hands. 


X .—Action of Seat on Nitrosyl Chloride . 

By J. J. Sudborough, B.Sc. (Lond.), A.I.C. (Associate of the Mason 
College), and J. H. Miliar. 

It is well known that nitric peroxide, NsO*, begins to dissociate at 
temperatures just above the boiling point of the liquid. When the 
gas is heated, dissociation into nitrogen dioxide is far advanced, 
according to Playfair and Wanklyn at a temperature of 97*5°, and is 
complete, according to Deville and Troost, at 140° (Oompt. rend , 64, 
237). Richardson has studied the action of heat upon this compound 
at higher temperatures, and has found that at 620° nitrogen dioxide 
is completely dissociated into nitric oxide and oxygen (Trans., 1887, 

51,397). 

We determined to examine the action of heat in like manner upon 
nitrosyl chloride, the only known oxychloride of nitrogen, as it 
seemed probable that it would dissociate into nitric oxide and chlorine 
more readily than nitrogen dioxide splits into nitric oxide and 
oxygen. 

VOL. LIX. 
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To elucidate tliis point, we undertook several series of experiments, 
of which this paper contains a brief account. 

Preparation of Nitrobijl Chloiide 

As a means of preparing the chloride, we invariably used nitrosyl 
sulphate (chamber crystals) and sodium chloride. The sulphate we 
obtained by passing the red gas evolved from copper and nitric acid 
or white arsenic and nitric acid into sulphuric acid. The red femes 
were first passed through a Liebig condenser with a WoulfE’s bottle 
attached, so as to condense any nitric acid which might pass over, 
and all traces of moisture were removed by interposing a calcium 
chloride tube. The purified gas was then passed into the sulphuric 
acid. That these precautions were necessary was proved by the fact 
that our first sulphate—prepared by merely passing the nitrous 
fumes into sulphuric acid without previous drying—contained a small 
amount of nitric acid, and the chloride prepared from it always 
contained traces of nitrogen peroxide and hydrochloric acid, the 
former of which was readily detected by its absorption spectrum. 

When the nitrous fumes had been passed into the sulphuric acid 
for some eight or nine hours, small crystals of nitrosyl sulphate 
appeared; the reaction was then stopped, as the sulphate in a semi¬ 
liquid form was much more convenient. The sodium chloride used 
was merely common salt thoroughly dried. The two salts were 
mixed together in a Wui'tz’s flask, and the nitrosyl chloride, which 
was evolved on gently warming, was passed through a calcium 
chloride tube. 

That the gas thus evolved was practically pure nitrosyl chloride, 
was proved by estimating the amount of chlorine in a given weight of 
the gas. 


Vapour Density at Ordinary Temperatures . 

The vapour density of nitrosyl chloride at ordinary temperatures 
had been previously determined by Tildeu (Journ. Chem . Soc ., 1874, 
27, 682). From his results, it was clearly established that the mole¬ 
cule of the gas at ordinary temperatures is represented by the 
formula ETOC1, and not by any multiple of this. 

Calculated tor 

Density found. NO Cl. 

33-25 32*67 

Our investigations consisted of determinations of the vapour 
density at temperatures ranging from 15° to 985°. Where possible, 
the density was obtained by weighing the gas, and checked by esti- 
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mating the chlorine; but, in some cases, we had to rely merely on 
the amount of chlorine found iu order to calculate the density. 

In order to fill the bulbs with the gas, we used one of tlie two 
following methods:— 

(1.) Condensing the gas by placing the bulb in a freezing mixture, 
till several cubic centimetres of the liquid were formed, and then 
allowing it to boil off (b. p. —8°). In this case, we found it very 
requisite to have the bulb perfectly dry, and to have the outlet tube 
as far removed from the freezing mixture as possible, as the moisture 
which condensed around the cold tube readily decomposed the 
chloride as it passed into the air, and the nitrous and hydrochloric 
acids thus formed would readily find their way back into the bulb. 

(2.) By passing the gas through a bulb open at both ends till all 
the air was expelled. We usually let the gas pass through for from 
30 to 45 minutes. 


Sulphuric Add Bath. 

Our first set of experiments was made at temperatures between 
15° and 165°. The method used was that of condensing the gas in 
the tube. The kind of tube we found most convenient, both for 
fitting in the bath and also for obtaining the liquid free from 
moisture, is that represented in the figure. 



W 

The bulb had two openings, the larger one, which was wide enough 
to allow an ordinary piece of glass tubing to pass down, was ground, 
and had a glass stopper to fit, whilst the smaller one consisted of a 
long narrow capillary. The gas was passed in through the wide 
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neck "by means of a piece of glass tubing which, reached to the 
bottom of the bulb. When a quantity of liquid was condensed, the 
neck was stoppered, and a cap placed over the end of the capillary. 
The bulb was cleaned, and the cap removed. It was then put into 
the sulphuric acid bath, which was large enough to cover the bulb up 
to the stopper. The temperature was slowly raised, and the bath 
kept at the required temperature for 10 minutes. The cap was then 
replaced, the bulb removed, cleaned, and inverted in distilled water; 
the cap was removed, and the water allowed to enter. The solution 
thus obtained was mixed with excess of ammonia, and evaporated on 
the water-bath to dryness in order to get rid of all nitrite; the 
residue was then dissolved, and the solution titrated with decinormal 
solution of silver nitrate. From the amount of chlorine found, the 
vapour density was readily determined. 

Three determinations made in this way at 15° gave a mean result 
of 32*5. The density according to theory is 32*67. 

Experiments conducted in the same way at 65°, 11-5°, and 165° 
gave results which showed that no dissociation had taken place. In 
all cases, the density came out above 32. 

Bath of Methyl Salicylate Vapour. 

We next proceeded to heat the gas in a hath of methyl salicylate 
vapour, the temperature of which was 222°. In this set of experi¬ 
ments, the gas was allowed to pass through the bulb for about 
45 minutes. The bulbs used were merely large boiling tubes of 
about 150 cubic centimetres capacity drawn out at both ends into 
fine long capillaries. When the gas had passed through for the 
allotted time, one end was sealed off; the bulb was then lowered 
into the bath, and the open end allowed to project through the 
cork; this open end was fitted with a smaller bulb containing 
nitrosyl chloride, in order to prevent difiusion during the experiment. 
The salicylate was then boiled, and after the bnlb had been in the 
vapour for about 10 minutes, the open end was sealed off. The bnlb 
was then removed, allowed to cool, and weighed; and from this 
weight the density was calculated. The end of the capillary tube 
was afterwards broken off under water, the chloride dissolved, and 
the chlorine estimated as before; this served as a check on the 
density determined by weighing. Three experiments were conducted 
at this temperature ; the resulting density was 32*3, thus indicating 
that no dissociation had taken place. 

Bath of Sulphur Vapour. 

Our next experiments were conducted in a bath of snlphur vapour. 
The vessel in which the snlphur was boiled was not of very large 
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dimensions, and consequently tlie vapour became superheated. Tt 
w as, therefore, necessary to determine the temperature by means of an 
air thermometer. This was readily done by taking a dry bulb of 
approximately the same size as the one used for the nitrosyl chloride, 
and fusing off when it had been in the vapour for 10 minutes. When 
cool, it was opened under water, and the volume of residual air 
determined; from this and the total capacity of the bulb the tempe¬ 
rature was easily calculated. Three temperatures determined in 
one day only varied by 7 °; the numbers found were 690*6°, 692*3°, 
and 697*8°. ‘ 

Four determinations of the density were conducted in the sulphur 
vapour. In the first two, we liquefied the gas in the bulb, and 
allowed all excess to boil away after the neck had been drawn out 
into a long capillary. At first, we experienced great difficulty in 
keeping the bulbs free from moisture whilst the gas was passing in; 
we eventually got over this difficulty by fixing a long T-tube on to 
the neck of the bulb, and leading the gas through a capillary which 
passed down the T-tube, and reached to the bottom of the bulb, 
where it was condensed. In the last two experiments conducted at 
this temperature, we merely passed the gas through the bulbs for 
about 30 minutes. The four results agreed fairly well, ranging from 
32*3 to 33*1, and thus they indicate that no dissociation had taken 
place. 

Air-bath. 

We next made two determinations of the density in an air-bath, 
which was heated by means of four large Bunsen burners. The 
temperature was determined both before and after each experi¬ 
ment by means of air thermometers. The bulbs were filled with 
the chloride by passing the gas through, and the two following 
results were obtained 

Temperature...... 796° V. d. ... . 31*36 

Temperature. 816° Y. d. 31*00 

These numbers indicate a percentage decomposition of about 13. 

Combustion Furnace. 

Our last experiments were conducted in a combustion furnace. 
We first used a method similar to that adopted by V. Meyer and 
Ziiblin in their investigations on chlorine, oxygen, &c., at high 
temperatures (Berichte, 12, 1430). The tube used was an ordinary 
piece of combustion tubing, the same length as the furnace; to one 
end was fixed a tap, whilst the other was drawn off into a capillary. 
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A determination of tlie temperature was made both before and after 
each experiment. 

The tube was first dried by aspirating dry air through it for half 
an hour whilst the tube was red hot. The tap was then turned off 
and the tube allowed to remain at the temperature of the furnace for 
10 minutes ; the residual air was then measured by driving it into a 
SchifTs nitrometer, filled with strong caustic potash solution. A 
stream of carbon dioxide, dried by passing through two sulphuric 
acid tubes, was used for driving the air over. 

The carbon dioxide, in its turn, was displaced by the nitrosyl 
chloride, which was allowed to pass through the tube for about half 
an hour. A flask was attached to the capillary at the end of the tube 
in order to prevent diffusion. That a certain amount of dissociation 
did take place was proved by the fact that the gas which passed out 
of the flask turned red on meeting the air, thus showing the presence 
of a ceitaiu amount of nitric oxide. When we considered that all the 
carbon dioxide had been displaced, the tap was again turned off and 
the tube allowed to remain for 10 minutes. The nitrosyl chloride 
was then driven out by means of a stream of carbon dioxide into a 
Varrentrap’s bulb, containing either distilled water or ammonia. 
When all had been absorbed, the solution was treated as in the former 
experiments, and the chlorine estimated. Another determination of 
the temperature was then made by aspirating dry air through the 
tube, allowing it to expand, and measuring the residue in the nitro¬ 
meter. We found that the temperatures were generally very concor¬ 
dant, rarely differing by more than 10°, and often coming within 
1 or 2 degrees of each other. Three determinations of the vapour 
density were made in this way with the furnace at its full heat. The 
results obtained were 29*73, 29*1, and 29*1. In all these cases we 
found that the nitrosyl chloride acted on the glass tube forming 
chlorides of the alkalis. These were volatilised by the great heat, 
and deposited in the capillary. As the gas was kept passing through 
the tube for some time, the amount of these chlorides was quite 
appreciable. 

We, therefore, made several determinations in the combustion 
furnace, the gas having previously been liquefied in the tube. This 
we accomplished by taking a piece of combustion tubing nearly the 
same length as the furnace, rounding off one end, and drawing the 
other out slightly. Three or four cubic centimetres of the chloride 
were then condensed in the tube, and whilst it was still in the freezing 
mixture the open end of the tube was drawn out into a very fine 
capillary; the excess of nitrosyl chloride was allowed to boil away, 
then the tube was warmed by placing it on the bricks over the 
furnace. A small bulb was fixed on to the capillary to serve as a 
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reservoir, and tlias prevent diffusion. When, warm, the tube was 
pushed straight into the hot furnace, the bed of which was lined 
with asbestos paper in order to keep the tube from sticking, and also 
to facilitate the pulling in and out of the tube. The tube was left in 
the furnace for about a quarter of an hour; the capillary was then 
sealed off and the tube pulled out. When cool, the end was broken 
off under water, and from the solution thus obtained the density was 
calculated by estimating the chlorine in the usual way. The tem¬ 
perature was determined both before and after each experiment by 
means of air thermometers. These consisted of tubes approximately 
of the same length as that used for the nitrosyl chloride. They were 
first thoroughly dried, then pushed into the hot furnace, left for 10 
minutes, sealed off, pulled out of the furnace, and, when cool, opened 
under water. 

An experiment conducted in this way, with the burners only partly 
on. gave a mean temperature of 784°, and a density of 31*77. 
Another experiment at 928° gave a result of 29*0. 

Two more experiments gave the following:— 

Mean temperature.... 968° V. d. 27*3 

*Mean temperature.... 985° V. d. 27*0 

This indicates a dissociation of practically 50 per cent, of the 
nitrosyl chloride molecules at a temperature not much below 1000°. 

As we were not able to obtain higher temperatures with the appa¬ 
ratus at our command, and using glass tubes, we concluded our ex¬ 
periments at this stage. 

The table (p. 80) gives a resume of the results of our experiments. 

From these results, it is evident that nitrosyl chloride behaves in a 
very different manner from nitiogen dioxide when subjected to high 
temperatures. Thus, at 620°, a temperature at which nitrogen 
dioxide is completely dissociated, nitrosyl chloride shows not the 
least trace of dissociation; and near 1000°, only about 50 per cent, 
of the molecules are dissociated. This fact would seem to point to a 
difference in the constitution of the molecules of the chloride and the 
oxide of nitrosyl, as nitrogen dioxide may be called. 

Nitrosyl chloride, in its reactions with water*, behaves as the 
chloride of nitrous acid, and inasmuch as nitrous acid not only forms 
nitroso-compounds, bnt by acting on the gronp ZCH a produces 
oximes, ZOIN-OH, nitrous acid would appear to have the formula 

* The following arc a few of the results with the air tubes; they show that the 
estimations of temperature were fairly concordant, and may bo relied upon:— 

(X.) 925*2° (1.) 90^ 

(2) 930*0° (2.) 969° 
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Ycijjovr Density of 2sitrosyl 


Chlot ide between 15° and 985°. 


Method adopted 
for obtaining bulb full 
of gas. 


Bath. 


Tempera- T d. 
fcure. (H =1) 


Per cent, 
amount of 
dissociation. 


\ 


Passing gas for 45 nuns .. | Air... ... 

Liquefying. 1 Sulphuric acid . 


Passing gas.j Methyl salicylate ... 


| Sulphur vapour. 


Liquefying . 


... Combustion furnace 

gas. Air-bath .... 


Liquefying.f Combustion furnace 

Pabsinggas... 


Liquefying. 


15 3 

32-57 

15 

32*50 

65 

33 04 

115 

32-50 

165 

32 T8 

222 

32-30 


32*90 

693 

32-31 

693 

33-24 

693 

33T2 

784 

31 *77 

796 

31 -36 

815 

31-00 

928 

29-00 

964 

29*73? 

965 

29-10? 

965 

29-10? 

968 

27*30 

985 

27-00 


0 

0 

O r 

0 

0 

0 

0 

0 

0 

0 

8-09 

11-86 

15*17 

33-51 


49-21 

51-97 


Y. cL calculated for NOC1. 32 65, 

Y. d. calculated for complete dissociation .... 21*78. 

OIN-OH, and the chloride therefore OIN-C1. Now, NOC1 is incapable 
ot directly combining with oxygen, and the compound N0 2 C1 seems 
to have no existence (Williams, Trans., 1886, 49). Hence, we must 
suppose that that part of the valency of nitrogen which in NO is con¬ 
cerned with linking on another atom of oxygen to form HO* or N 2 0 4 
(according to temperature) is already occupied by chlorine in NO Cl. 

Since nitric oxide, NO, and nitrosyl chloride, NOC1, show no ten¬ 
dency to polymerise, the union which is established between NO> and 
NO s at tempexatnres below 140° is probably owing to the oxygen. 
We have been accustomed to regard nitric peroxide as nitroso-nitric 

anhydride, representing iu by the formula 0'.N-0 *N<^q, but since the 

molecules of NO>, concerned in the process of combination, are all 
alike, an unsymmetrical formula seems improbable. 

The formula OIN-O-O-NIO seems to satisfy the requirements of the 
case, as it would account for the formation of nitric, as well as of 
nitrons, acid by the action of water, 


o:n-o—o-n:o 

H HO 
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and this leads to the formula 0IN*0- for the dioxide. This may, 
perhaps, account for the instability of this oxide at high temperatures 
by representing it as due to the unsaturated condition of the oxygen, 
while the more stable chloride may owe its greater permanence at 
high temperatures to the fact that the chlorine is not in the same 
degree unsaturated. 

In conclusion, we have to thank Dr. Tilden for suggestingthe work 
and supervising most of the experiments. 

Mason College, 

Birmingham. 


XI.— The Fermentation of Calcium Glycerate by the “ Bacillus 
Ethaceticus.” 

Bt Percy F. Frankland, Ph.D., B.Sc. (Loud.), F.I.C., Professor of 
Chemistry in University College, Dundee; St. Andrews 
University; and William Frew, F.C.S. 

Is a communication to the Royal Society by one of us, “On 
a Pure Fermentation of Mannite and Glycerin,” by P. F. Frankland 
and J. Fox ( Proc . Boy . Soc., 46, 345), a micro-organism was 
described, having the power of fermenting suitable solutions of 
mannite and glycerin, and, in consequence of ethyl alcohol and acetic 
acid being the principal products of these fermentations, the name of 
B. ethaceticus was proposed for the organism in question. 

In this paper, it was pointed out that the bacillus was also 
capable of setting up fermentative decompositions of glucose, cane- 
sugar, milk-sugar, starch, and calcium glycerate, but, most curiously, 
not of dulcite, although isomeric with and so closely akin to mannite. 

The present paper deals with the fermentation of calcium glycerate 
by this organism. 

Character of the Fermentation of Calcium Glycerate .—If sterile 
solutions (3 per cent.) of calcium glycerate to which the necessary 
nutritive material (see below), in the shape of a small quantity of 
peptone and minerals salts, has been added, are inoculated with a pure 
growth of the bacillus and kept at 35—38°, the liquid becomes turbid 
in the course of two or three days, and a day or two later a gentle 
but visible evolution of gas commences and continues for a period of 
about 7—14 days, after which the liquid again gradually becomes 
clear, although of considerably darker colour than at first. Occasion- 
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ally, however, a feeble secondary fermentation may follow the 
cessation of the first and continue for a few days. 

The fermentation of calcium glycerate, as measured by the visible 
evolution of gas, is very much less vigorous than the fermentations 
previously described, and the organism not unfrequently entirely loses 
its capacity of setting up a palpable fermentation in this medium ; 
we have, however, generally been able to restore its fermentative 
power by inoculating into the calcium gly cerate solution from a 
vigorously fermenting solution of mannite or glucose. The re¬ 
storation of its fermenting power towards calcium glycerate is, 
however, sometimes exceedingly troublesome. 

All the precautions mentioned in the previous paper were taken 
both as to the use of perfectly pare cultures of the bacillus aud as 
to the prevention of contamination during the process of fermentation, 
whilst the purity of the solutions was similarly tested by cultivation 
before proceeding to the chemical examination of the products 
formed. 

The purity of the calcium glycerate employed was tested by deter¬ 
mination of the calcium in the air-dried substance:— 


0*2923 gram of the substance yielded 0*1865 gram CaS0 4 , corre¬ 
sponding to 13*73 per cent. Ca; calcium calculated upon 
(CsHsOiJsCa + 2H 2 0 gives 13*98 per cent. 

The water of crystallisation is only partially lost at a temperature 
of 105—110° ; thus the salt, on drying at that temperature, lost only 
5*61 per cent., whilst the loss corresponding to 1 mol. H 2 0 is 6*29 
per cent. 

Fermentation No . 1.—The solution for fermentation had the follow¬ 
ing composition:— 


Calcium glycerate , 

Peptone. 

Calcium carbonate. 
Salt solution*. 


60 grams 
o 

*- "3 


10 , 
200 c.c. 


the whole diluted 
to 2000 c.c. with 
distilled water. 


The liquid was contained in a large flask plugged with cotton wool, 
and, after due sterilisation, was inoculated with a needle-loop of a 
pure culture of the JBacilltis ethaceiicus, and then kept in an incubator 
at 38°. Fermentation began on the 3rd, and was practically finished 
on the 7th day; the flask was not, however, removed from the incu¬ 
bator and examined until the 26th day. 

The liquid was then submitted to distillation until a small quantity 

* Prepared by dissolving 1 gram of potassium phosphate, 0*2 gram of magnesium 
sulphate (crrst), and 0*1 gram of calcium chloride (fused) in 1000 c.c. of distilled 
water. 
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of the distillate yielded only the faintest reaction with Lieben’s test 
(iodoform). The distillate, in which alcohols were to be expected, 
was found to be free from aldehyde, as indicated by the absence of 
reaction with rosaniline. 

The alcohols in the liquid were determined by oxidation with 
potassi um dichromate and sulphuric acid (A. Dupre, J. Qhem. See , 
20, 495). For this purpose 10 grams of potassium dichromate and 
20 grams of strong sulphuric acid were made up to 100 c.c. with 
water, and 10 c.c. of this solution were added to every 20 c.c. of the 
alcoholic solution ; the chromic acid solution, along with the alcoholic 
liquid, was placed in bottles, the mouths of which were closed with 
india-rubber stoppers tightly wired down. The bottles were then 
heated for seven hours in a steamer at 100°. The chromic acid was 
then reduced by the addition of a calculated quantity of zinc, and 
after the latter had passed into solution, the liquid was repeatedly 
distilled down to a small bulk, fresh quantities of water being added 
each time. In this manner, any volatile acids produced in the previous 
oxidation were obtained in the distillate. These acids were converted 
into barium salts by treatment with barium carbonate. The barium 
salts were dried at 130°, and the barium determined by conversion 
into barium sulphate. The following quantities of barium salts were 
obtained:— 

I. 1*3915 gram barium salt, yielding 91*16 per cent. BaSO* 
(barium acetate yields 91*37 per cent. BaSO*). 

II. 1*9470 gram barium salt, yielding 91*16 per cent. BaS0 4 . 

III. 1*4010 gram barium salt, yielding 91*40 per cent. BaSO*. 

The barium salts were thus practically pure barium acetate, indi¬ 
cating that the liquid before oxidation contained ethyl alcohol, and 
inasmuch as 4*7395 grams of barium acetate were in all obtained, 
ethyl alcohol to the extent of 1*711 gram must have been present. 

In order to test this method of determining alcohol by oxidation, 
we have made experiments with known quantities of pnre alcohol; 
the results of these determinations are recorded in the Appendix (see 
p. 93). 

The residue from the first distillation of the fermented liquid was 
now treated with the requisite quantity of standard hydrochloric 
acid to neutralise the total calcium (both as glycerate and carbonate) 
present. 22*61 grams of HC1 (or 619*4 c.c. of normal hydrochloric 
acid) were required for this purpose, but only 350 c.c. were in the 
first instance added, and then the liquid was repeatedly distilled to a 
small bulk in order to get over the volatile acids; the latter were 
converted into barium salts and analysed as above:— 
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I. 10*5940 grams barium salts, yielding BaSO* | (jj\gg ^ C6n *’ 

100 c.c. more of the normal hydrochloric acid were added to the 
■flask and distillation continued, from which the following salts were 
obtained:— 

II. 4*1505 grams barium salts, yielding BaS0 4 1 ^ ^ P er cen ^’ 

After a further addition of 100 c.c. normal HC1, there were 
obtained:— 

III. 0*5685 gram barium salts, yielding BaSCh 90*00 per cent, (the 

salt was pasty in appearance). 

The remainder (69*4 c.c.) of the normal hydrochloric acid was then 
added, after which there were obtained:— 

IV. 0*209 gram barium salts, yielding 84*68 per cent. BaSCh (the 

salt was again pasty in appearance). 

10 c.c. of normal hydrochloric acid over and above the calculated 
amount were then added, but no further volatile acids could be 
obtained in the distillate. 

In this and in similar experiments, we have always found that the 
last quantities of volatile acid obtained by repeated distillation in 
this manner are pasty and yield a low percentage of barium; we are, 
therefore, of opinion that the low percentages of barium in the 
fractions III and IV" do not indicate the presence of volatile fatty 
acids of higher molecular weight, especially as such acids if they had 
been present should have come over in the first fraction (see Appen¬ 
dix, p. 95). 

The salts thus consist of a mixture of barium acetate and formate, 
and taking into account that 

Barium acetate yields 91*37 per cent. BaSO*, 

„ formate „ 102*64 „ „ 

it can be calculated that the above salts consisted of 12*8873 grams 
barium acetate (or acetic acid, 6*065 grams) and 2*6347 grams 
barium formate (or formic acid, 1*067 gram), equivalent to 1*391 
gram acetic acid. 

In the liquid from which the volatile acids had been distilled off 
as above, there was left a brown, flocculent deposit ; this was filtered 
off and washed with dilute hydrochloric acid. It was found to be 
entirely soluble in a boiling solution of caustic potash, from which it 
was again precipitated by hydrochloric acid. After thoroughly 
washing and drying until constant at 100°, it was found to weigh 
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0*0S45 gram. This substance is of constant occurrence in all the 
fermentations with which we are acquainted, and appears to be 
derived from the cells of the bacteria themselves. It is the only 
portion of the fermentation products insoluble in dilute hydrochloric 
acid. Owing to the small quantity in which it is produced, however, 
we are not in a position to offer any further information as to its 
nature. 

The filtrate from the above insoluble residue would obviously con¬ 
tain* any unaltered calcium glycerate, together with any fixed acid 
that might have been produced in the fermentation; such acids would, 
however, be in the free state, inasmuch as an excess of hydrochloric 
acid had been added to the liquid. The liquid was repeatedly 
shaken out with ether. The ethereal extract, on drying at 100°, only 
amounted to 0 4785 gram, and a considerable part of this appeared 
to be succinic acid mixed with some gummy material. 

The liquid, after extraction with ether as above, was boiled up 
with excess of calcium carbonate and filtered; the filtrate was 
evaporated to dryness on a water-bath, and then extracted with a 
large quantity of strong methylated spirit (93 per cent.), in order to 
separate any unaltered calcium glycerate. (We had previously 
determined that calcinm glycerate can be most perfectly precipitated 
from solution by addition of strong spirit.) The calcium salt thus 
separated was unfortunately not weighed itself, hut was converted 
into a lead salt by precipitation with lead acetate and alcohol. The 
lead salt thus obtained, after recrystallisation from water, yielded 
68'89 per cent, of lead, corresponding closely to one of the basic lead 
glycerates referred to below (see pp. 87, 90). 

After removing tbe calcium glycerate precipitated by means of 
alcohol as above, the alcoholic filtrate was evaporated down until 
free from alcohol, the residue was taken up with water, and the 
calcium precipitated with very slight excess of sodium carbonate, 
after which the calcium carbonate was filtered off. The filtrate, con¬ 
taining the sodium salts, was evaporated to dryness and repeatedly 
extracted with a mixture of 8 parts ether and 1 part alcohol, as it 
was thought that possibly some glycerin might have been formed in 
the fermentation; none was however found. The residue was then 
dried at 100—105° and weighed ; it amounted to 71*408 grams. In 
addition to sodium chloride, this residue evidently contained the 
sodium salt of an organic acid, as it charred on heating. It was 
found to contain 82*02 per cent, of ash, and 68*28 per cent, of sodinm 
chloride, leaving thns a considerable margin for the sodium salt of 
the organic acid. From this mixture, the sodium was as far as 
possible removed as sodium chloride by saturating the solution with, 
hj drochloric acid gas. After filtering off the sodium chloride and wash- 
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ing with strong hydrochloric acid, the filtrate was evaporated to dry¬ 
ness and dried at 100°. The organic acid thus obtained (containing of 
course a small quantity of sodium chloride also) amounted to 
15*790 grams; of this 13*400 grams were soluble in alcohol, 
1*733 gram insoluble in alcohol but soluble in water, and 0*657 gram 
insoluble both in alcohol and water. The organic acid itself may 
thus be taken to have amounted to about 13*4 grams, whilst the 
remainder would be principally sodium chloride. 

Some of the acid thus obtained was converted into a barium salt 
by boiling up with barium carbonate and filtering: the filtrate was 
evaporated to dryness and the residue dissolved in a small quantity 
of water, and treated with a large excess of alcohol, which produced a 
gummy precipitation. This precipitate was washed with alcohol 
several times, and then divided into several different portions, which 
were dried at different temperatures, and a barium determination 
made in each, thus:— 

No. 1 dried at 105° yielded BaS0 4 .... -f per cent ’ 

L 62*82 ,, 

No. 2 dried at 110—120" yielded BaS0 4 64*08 „ 

No. 3 dried at 130° yielded BaS0 4 .... 64*95 

No. 4 dried at 140° „ .... 65*53 

In a specimen of pure barium glycerate, after drying at 140°, we 
found the yield of barium sulphate to he 66*59 per cent. Even when 
dried at this temperature, the salt is not anhydrous, as anhydrous 
barium glycerate should yield 07*14 per cent, of barium sulphate. 
The effect of drying at different temperatures on pure barium 
glycerate was specially determined with the following results:— 

Barium glycerate dried at 100—105° yielded 65*51 p.c. BaS0 4 . 

„ 130° yielded 66 55 p.c. BaSOi. 

„ 140° „ 66*59 „ „ 

The coincidence between the harinm salt in question and barium 
glycerate is thus very marked, for the percentage of barium itself in 
the latter is 39*16, and in the former 38*53. 

We next endeavoured to obtain a lead salt of the acid by boiling 
its aqueous solution with lead carbonate and filtering; on cooling, a 
deposition took place in the filtrate; this precipitate was washed, 
dried, and submitted to analysis with the following results:— 

A lead determination made on the salt dried over sulphuric acid, 
yielded 66*97 per cent. lead. 

Another made on the salt dried at 100—105° yielded 66*99 per 
cent. lead. 
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In spite of repeated recrystallisation, •we failed to obtain the lead 
salt free from chlorine, and it became necessary, therefore, to 
determine the latter; by precipitation with silver nitrate, 1*95 per 
cent, of chlorine was obtained. 

0-5065 gram of the salt dried at 105° yielded, on combustion with 
CuO and a silver roll placed in front, 0-05275 gram OH 2 , and 
0-1865 gram C0 3 . 

The two following percentage compositions can be calculated from 
these results, according as we assume that the chlorine is present as 
Pb01 2 or as Pb^OCh:— 

(a.) Calculating Cl as (£.) Calculating Cl as 
PbCl 2 . PbjOGLa. 


Pb. 66*54 64*52 

C. 10*87 11-64 

H. 1*25 1-84 

O. 21-34 22-50 


100-00 100-00 

The percentage composition (5) is in very fair accord with that of 
a basic salt of the formula— 


CH 3 (OH) 

CH(OH) 

COO—Pb> 0 ’ requires 

CH(OH) 

CHa(OH) 


Pb 
O . 
H 
O 


64*68 

11-25 

1-56 

22-51 


100-00 


Fermentation No. 2.—The conditions of this experiment were 
precisely similar to those in the Fermentation No. 1. 

The examination of the fermentation products was made upon 
essentially similar lines to those laid down above. Unfortunately, 
however, the liquid containing the alcohols was lost during the 
process of oxidation with chromic acid, through the bursting of the 
closed bottle in steaming. The absence of aldehyde was, however, 
again confirmed. 

The volatile acids were dealt with as before, and the following 
barium salts prepared and analysed :— 

I. 11-684 grams barium salt, yielding BaSO* j 9 j.yg ^ 6r 


Corresponding to 11*864 grams barium acetate and 
0*320 „ „ formate. 


99 


99 











88 


FRANKLAND AND FREW: THE FERMENTATION OF 


II. 3*4465 grams barium salt, yielding BaS0 4 


{ 


97*40 per cent. 
97*56 


Corresponding to 1*578 gram barium acetate and 
1*8685 „ „ formate. 


III. 0*4995 gram barium salt, of pasty appearance, which, after 
extraction with strong alcohol, left 0*3215 gram insoluble; 
this yielded 97*35 per cent. BaS0 4 , 

Corresponding to 0*147 gram barium acetate and 
0*174 „ „ formate. 


IV. 0*1255 gram barium salt, again of very pasty appearance, but 
as the quantity was too small to purify as above, it was con¬ 
verted into BaS0 4 , of which it yielded only 82*47 per cent.; 
assuming, however, that it had the same proportional com¬ 
position as fraction III, it would correspond to 0*0575 gram 
barium acetate, and 0*068 gram barium formal e. 

Thus the total yield of volatile acids consisted of:— 

13*1465 grams barium acetate, corresponding to 6*187 grams 
acetic acid, 

2*4305 grams barium formate, corresponding to 0*985 gram formic 
acid. 

After distilling off the volatile acids, there remained, as in the case 
of the first fermentation, a brown, insoluble residue which, after 
thoroughly washing free from hydrochloric acid and drying at 105°, 
amounted to 0*1665 gram. 

From the filtrate, there was obtained by repeatedly shaking ont 
with ether an extract which, after drying at 100°, amounted to 
0*501 gram, and appeared to consist to a great extent of succinic 
acid mixed with some gummy material, just as in the previous 
fermentation. 

The acid liquid, after extracting with ether as above, was boiled 
up with an excess of calcium carbonate, filtered, and the filtrate 
evaporated as nearly to dryness as possible on the water-bath. The 
residue of calcium salts was then extracted with a large quantity of 
strong alcohol (93 per cent.), and further quantities of alcohol were 
added to the liquid until no more precipitation was occasioned. The 
insoluble part, consisting presumably of unaltered calcium glycerate, 
was filtered off; it was quite soluble in water, and amounted, after 
drying at 105°, to 2*037 grams (corresponding to 1*61 grams of glyceric 
acid, taking into account the loss of a part of the water of crystallisa¬ 
tion at 105°, see p. 82). This calcium salt was purified by dissolving 
in water and precipitating with alcohol four times, after which it 
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was dried at 105—110' 1 , and a calcium determination made, which 
yielded 14*29 per cent, of calcium. Pure calcium glycerate, when 
similarly dried, was found to yield 14*81 per cent, of calcium. 

After removal of the above calcium glycerate, the further treat¬ 
ment was similar to that described for the first fermentation; in the 
fiist instance, the calcium was precipitated by means of a very slight 
excess of sodium carbonate, the sodium was then removed as far as 
possible by saturating with hydrochloric acid gas, and filtering off 
the precipitated sodium chloride. On evaporating the filtrate to 
dryness on the water-bath and drying at 100°, there remained 18*11 
grams of residue (consisting of an organic acid, with a little sodium 
chloride which had escaped precipitation); of this, 13*90 grams were 
soluble in alcohol (90 per cent.), 2*81 grams were insoluble in alcohol, 
but soluble in water, therefore doubtless sodium chloride, whilst 
1*40 gram was insoluble in water also. The amount of organic acid, 
33 90 grims, was thus almost identical with that obtained in the 
previous fermentation, 13*40 grams. 

Owing to the unsatisfactory and gummy appearance of the barium 
salt prepared from this organic acid in the first fermentation, we 
determined on this occasion to prepare only the lead salt. For this 
purpose, the portion of the above residue soluble in alcohol was 
dissolved in water, boiled up with lead carbonate, and filtered hot; 
on cooling, however, no deposition of lead salt took place. We there¬ 
fore decomposed the solution with sulphuretted hydrogen, filtered 
off the lead sulphide, heated the filtrate until free from sulphuretted 
hydrogen, and then again boiled up with lead carbonate and filtered. 
On cooling, a quantity of lead salt separated from the filtrate; this 
we washed, dried at 105°, and submitted to analysis:— 

The salt yielded Pb.{jgg P" “ nt - 

As this lead salt was also found to contain chlorine, as in the case 
of the one obtained in the first fermentation, a determination of the 
halogen was made by precipitation with silver nitrate, with the 
following result:— 

Chlorine.{rgparow*. 

On combustion in oxygen with CuO and silver foil in front, the 
following results were obtained:— 

I. 0*5525 gram yielded 0*060 gram OH 2 , and 0*203 gram. CO s ; 
corresponding to H =r 1*21 per cent., 0 = 10*02 per cent. 

II. 0*59525 gram yielded 0*065 gram OH s , and 0*21675 gram C0 3 ; 
corresponding to H = 1*21 per cent., 0 = 9*93 per cent. 

T0L. L1X. h 
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Assuming, however, that the chlorine found in the sa^t is present 
as PbCl 2 or as PboOClg. the following figures may be calculated 
respectively:— 


Cl as PbCl* Cl as Pb 2 OClo. 


Pb. 68*39 67*47 

C. 10*48 10*79 

H. 1*26 1*32 

O. 19*87 20*42 


100 00 100 00 


On comparing these with the results obtained in the case of the 
similar salt in the first fermentation, it will be seen that this one 
contains more lead in proportion to the carbon and hydrogen, which 
is doubtless due to its being a more basic salt, or possibly a mixture 
of the former salt with a more basic one. This becomes the more 
probable when it is remembered that this salt was only precipitated 
after repeatedly boiling with lead carbonate, and that after each 
successive treatment with lead carbonate, a fresh quantity of precipi¬ 
tate formed on cooling. In fact, this second lead salt corresponds 
approximately in composition with a basic salt of the following 
constitution:— 


CH 2 *OH 

pi ^OOC*OHO-^p, 

Pb <OOCHj!HO> Pb 

CH 2 -OH 


Pb. 66*56 

C. 11*57 

H. 1*28 

0. 20*59 


100*00 


A similar basic salt has been prepared in the case of tartaric ac.d, 
and has the formula 

Pb<QQQ |j^ 0 >Pb (Erdmann, Annalen, 21,14). 


Unfortunately, the quantity of material at our disposal was insuffi¬ 
cient to effect any further purification of the salt, and we have had 
to leave the further investigation of this acid until a larger quantity 
of the products of fermentation have been obtained. It is, however, 
perfectly obvious that this non-volatile acid left after fermentation 
has the very strongest resemblance, both in composition and pro¬ 
perties, to glyceric acid, and we hope very shortly to be in a position 
to communicate some further points of interest and importance con¬ 
cerning it. 

Fermentatums Kos. 3 and 4.—Two further fermentations were con¬ 
ducted in order to re-determine the quantities of alcohol and volatile 
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acids produced, as well as the relationship between the two. The 
mode of procedure was just the same as before, and the following 
quantities of products were obtained on aliquot parts of the whole 
fermented liquid:— 


Volatile Acids . 



Fermentation III. 

Fermentation IY. 

Barium salt dried at 130°. 

2 *015 grams, yielding 
BaS0 4 91*96 per cent. 

3 813 grams, yielding 
BaS0 4 92 10 per cent. 

Total barium salt pro¬ 
duced 

Corresponding to— 

12 015 x 4 = 8 06 grams). 
8ee note below 

3 *813 x 4 = 15 262 grams 

Acetic acid. 

(3 *694 grams) 

7‘00 grams 

Formic,, ......... 

(0*0806 „ ) 

0*132 „ 

Total volatile acid, calcu¬ 
lated as acetic acid 

(3*799 „ ) 

7 -198 „ 


Alcohols on Oxidation yielded ;— 


Barium salt dried at 130°. 

Total barium Balt pro¬ 
duced 

Corresponding to ethyl 
alcohol 


1 *3125 gram, yielding I 
BaS0 4 90 95 per cent. 
(1*3125 x f = 1*968 gram) 

(0 *71 gram) 


1 *8015 gram, yielding 
BaS0 4 90 95 per cent. 
1*8015 x 2 = 3*603 grama 

1*299 gram 


Rote .—Only in the case of No. IY are the quantities of alcohol and acetic add 
obtained absolute, for in No. Ill about one-half of the fermented liquid \tas 
accidently lost just in commencing the first distillation. Thus, whilst the propor¬ 
tion of alcohol to acetic acid remained undisturbed by the mishap, the amounts of 
alcohol and acid must be multiplied b" about 2, in order to obtain the quantities 
actually produced in the fcrmentatior 

From these results, the alcohol and acetic acid are seen to stand iu 
the following relationship:— 

Fermentation III. Alcohol: acetic acid :: 1 : 5*35 
» IV. „ „ :: 1:5-54 

This relationship corresponds approximately to 1 mol. of alcohol io 
4 mols. of acetic acid:— 

C*H 6 -OH : 4(0H 3 -C00H) = 46 : 240 = 1 : 5*2. 

Of Fermentations Nos. 1 and 2, only No. 1 can be used for com- 
pirfeou, as in No. 2 the portion containing the alcohol was lost. In 
No. 1 the relationship was, 

Alcohol : acetic acid 1 : 4'35* 
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We believe that this deficiency of acetic acid in the case of No. 1 
is probably to be accounted for by the very considerable proportion 
of formic acid produced in that fermentation, for there is evidence, 
as already pointed out by one of us in the case of mannite and 
glycerin, that whenever formic acid is fonnd amongst the products 
of fermentation of the Bacillus ethaceticus , the proportion of acetic 
acid is diminished, and we are of opinion that the formic acid is pro¬ 
duced at the expense of the acetic acid already formed, in that feeble 
secondary fermentation, mentioned on p. 82, which occasionally takes 
place. This belief is supported by the fact that in the case of Nos. 1 
and 2 , in which the amount of formic acid was considerable, such a 
secondary fermentation was actually observed, whilst in the case of 
Nos. 3 and 4, in w hich the proportion of formic acid was quite insig¬ 
nificant, it was not. 

We may provisionally suggest the following as the equation accord¬ 
ing to which the glyceric acid undergoes fermentative decomposition 
by this organism:— 

SCaHA = CAO + 4C 2 H 4 0 2 4- OH* + 500 3 + 3H 2 . 

This equation not only indicates the observed relationship between 
the alcohol and acetic acid formed, but the proportion of these sub¬ 
stances to the glyceric acid decomposed is in fair accord with the 
quantities actually obtained. Thus, in Fermentations 1 and 2, there 
were in each case 60 grams of calcium glycerate, corresponding to 
44*47 grams of gl) ceric acid, employed, and of this, almost exactly 
oue-balf was still present as glyceric acid after the fermentation was 
completed; assuming, then, that 22 grams of glyceric acid had 
suffered fermentative decomposition, there should have been formed, 
according to the above equation, 1*9 gram of alcohol and 9*9 grams 
of acetic acid; as a matter of fact, there were actually found by the 
methods of analysis employed, 1*7 gram alcohol in Fermentation 1 
(in Fermentation 2 the alcohol was lost), and 1*3 gram alcohol in 
Fermentation 4, also 7*5 grams volatile acid calculated as acetic 
acid in Fermentation 1 , 7*47 grams in Fermentation 2, and 7*2 grams 
in Fermentation 4. Now, it will be shown in the Appendix to this 
paper (see pp. 94,95) that, in the process of repeated distillation with 
hydrochloric acid, only about 95 per cent, of the volatile acid present 
is actually recovered, so that, by introducing this correction, the 
above figures approximate more closely to those calculated from 
the equation, and the difference may doubtless be accounted for by 
loss in the secondary change from acetic to formic acid, as well as in 
the production of the small quantity of succinic acid, which has not 
been taken into consideration in the equation. 

We may summarise the results of our investigation as follows:— 
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(1.) Snitable solutions of calcium glycerate undergo a very 'well- 
defined fermentation on inoculation with pure cultures of 
the Bacillus ethaceticus. 

(2.) The fermentation is less vigorous than those 'induced by the 
same organism in similar solutions of glucose, mannite, and 
glycerin; indeed, in old cultures the organism is frequently 
found to have lost its power of fermenting the glycerate, 
although it still grows in the solution, rendering it highly 
turbid. 

(3.) The products of the fermentation are essentially alcohol and 
acetic acid, with a small and variable proportion of formic 
acid, together with a trace of succinic acid. 

(4.) The alcohol and acetic acid are produced approximately in the 
proportion of 1 mol. of alcohol to 4 mols. of acetic acid. 

(o.) The production of formic acid appears to be at the expense of 
acetic acid, as previously observed by one of us in the case 
of other fermentations induced by this organism. 

(6 ) There remains, after the completion of the fermentation, in 
addition to the above products, also the calcium salt of a 
fixed acid, the amount of w hich corresponds almost exactly 
to one-half of the glyceric acid originally present. We have 
reason to believe that this acid is glyceric acid, but we aie 
still engaged upon its further investigation. 

Appendix. 

We wish to record in this appendix some of the experiments under¬ 
taken with a view to testing the accuracy of the methods employed 
in the separation of the various products of the fermentation. 

I. Determination of Alcohol by Oxidation with Potassium Dichromate 
and Sulphuric Acid . 

10*7475 grams of absolute alcohol (calculated from sp. gr. of strong 
spirit of wine) were diluted to 1000 c.c. with distilled water; 100 
grains of potassium dichromate and 200 grams of strong sulphuric 
acid dissolved in 1000 c.c. of water were then added, and the whole 
was heated in a closed bottle at 100° for seven hours. The liquid 
was then reduced with zinc, the total volume now amounting to 
2070 c.c. Of this, 255 c.c. (containing the products of oxidation of 
1*323 gram alcohol corresponding to 1*727 gram acetic acid) were 
taken and submitted to repeated distillation as long as the distillate 
came over acid; on titrating the three distillates so obtained with 
normal alkali, the following quantities of acid, calculated as acetic 
acid, were recovered:— 
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Acidrfcy, calculated 
as acetic acid. 

0*762 gram 
0*929 „ 

0*004 „ 

Total. 1*695 „ 

1*695 gram acetie acid corresponds to 1*299 gram ethyl alcohol, so 
that 98*17 per cent, of the alcohol employed was actually found. 

II. Determination of the Volatile Aeids by Distillation with JEtydi ochloric 

Acid* 

In the first experiment:— 

5 grams of pure barium formate were dissolved in about 800 c.c. of 
■water and a quantity of (20 c.c. of normal hydrochloric acid) hydro¬ 
chloric acid insufficient to decompose the whole of the formate was 
added; the liquid was then repeatedly distilled to one quarter of its 
bulk until the distillate was no longer acid. Each distillate was then 
titrated with normal alkali, and the following quantities of foimic 
acid were thus obtained m the several distillates:— 

Acidity, calculated 
as formic acid. 

0*4784 gram 
0*2300 „ 

0 0920 „ 

0*0460 
0*0090 „ 

0*0140 „ 

Total. 0*8694 „ 

This 0*8694 gram of formic acid actually found corresponds to 
94*5 per cent, of the formic acid theoretically liberated by the 
quantity of normal hydrochloric acid originally added. 

In a second experiment the conditions were varied :— 

4*593 grains of barium formate were dissolved in abont 750 c c. of 
water, and then the calculated amount of normal hydrochloric acid 
was added so as to liberate the whole of the formic acid; the liquid 
w as then repeatedly evaporated to about one-fourth of its hulk until 
the distillate was no longer acid, the various distillates were then 
titrated with decinormal alkali in quantities of 1000 c.c. at a time, 
when the following proportions of formic acid were found : — 


Distillate. 

I 

II 

III 

IV 
V 

VI 


Distillate. 

I 

II 

III 
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Distillate. 

I 

II 

III 

IV 
V 

VI 


Acidity, calculated 
as formic acid. 

O’6900 gram 
0*6440 ,, 

0*2806 „ 
0*0920 „ 

0*0506 „ 

0*0115 „ 


Total.... 1*7687 


This total of 1*7687 gram corresponds to 95*00 per cent, of the 
formic acid “which, should have been theoretically found (namely, 
1 862 gram). 


III. Determination of the Order of Distillation of the Fatty Acids . 

These experiments were made in order to ascertain the succession 
in which the several fatty acids distil over from a mixture of their 
salts to which hydrochloiic acid has been added. 

Thus a mixture of barium propionate, acetate, and formate was 
made in the proportion of:— 

Barium propionate .. 3 000 grams 

„ acetate. 2*703 „ 

„ formate.. 2*406 „ 

Each of these quantities of salt requires 21*2 c.c. of normal hydro¬ 
chloric acid for the liberation of its respective acid. 

1 . 21*2 c.c. of normal acid were added along with a considerable 
volume of water, and distillation was proceeded with as long as an 
acid distillate came over, fresh water being repeatedly added to the 
distilling flask. The acid in the distillate was then converted into 
bai*iura salt in the usual way, and after drying at 130° until con¬ 
stant, the latter was weighed and a barium determination made :— 

2*6825 grams of barium salt were obtained, yield'ng:— 

(a.) 85*43 per cent. BaS0 4 , 

(5) 85*63 „ 

Barium propionate yields 82*13 per cent. BaS0 4 . 

2. The whole of the remaining acid (42*4 c.c. of normal hydro¬ 
chloric acid) was then added, and d stillation continued down to one- 
fourth the volume of liquid; from this first distillate, there were 
obtained:— 
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~ M , . u ■ l a- »/ 92'42 per cent. BaS0 4 , 

2*6515 grams barium salt, yielding j ^ 00 

Barium acetate yields 91*37 per cent. BaS0 4 , 

„ formate „ 102 64 „ „ 


Water was again added, and the liquid distilled down to one-fourth 
of its volume; from tliis second distillate, there was obtained:— 

1*549 gram of barium salt, yielding | ^ ^ er Cen ^* 

This salt, therefore, contained a larger proportion of formate than the 
last. 

The liquid was again three times distilled down to one-fourth of its 
hulk, and on uniting these distillates (3, 4, and 5), there was 
obtained:— 

0*361 gram of barium salt, yielding 100*00 per cent. BaSOi, and 
thus consisting chiefly of formate with a smaller proportion of 
acetate. 

Two more distillates (the 6th and 7th) were similarly obtained and, 
on uniting them, a further quantity of— 

0*2275 gram of barium salt was prepared, yielding 101*98 per cent. 
BaSO*. 

This was, therefore, almost pure formate. 

These results clearly show, what has already been amply demonstrated 
in the course of our examinations of the fermented liquids, that from 
such a mixture of the salts of the fatty acids the acids distil over in 
the order of their molecular weights, the heaviest first and the lightest 
last. 


XII .—An Optically Active Glyceric Acid . 

By Percy F. Frankland, Ph.D., B.Sc. (Lond.), F I.C., Professor of 
Chemistry in University College, Dundee; St. Andrews 
University; and William Frew, F.C.S. 

Although it is upwards of ten years since the enunciation of Le Bel 
and Van’t Hoff’s theory concerning the optical activity of organic 
compounds, and although numerous discoveries of the highest im¬ 
portance have been made through the application of this theory, 
yet some of its fundamental demands still remain unsatisfied and 
ignored. 



AN OPTICALLY ACTIVE GLYCERIC ACID. 


97 


Prominent amongst the simple organic substances which, according 
to the theory, shonld be decomposable into two oppositely active optical 
isomers are lactic and glyceric acids, of which the former has, it is 
trne, long been known in an active as well as an inactive foim, although 
the active form has hitherto only been obtained as the result of vital 
agency, whilst glyceric acid is only known as a substance devoid of 
action upon polarised light. 

In the preceding paper, we have described a fermentative de¬ 
composition of gl} ceric acid induced by a micro-organism previously 
isolated and described by one of us ( Proc . Roy. Soc 46, 345) as the 
Bacillus ethaceticus , in conseqnence of the products—alcohol and 
acetic acid—to which it gives rise in the fermentation of various 
substances. In this fermentation of glyceric acid, we were early 
struck by the remarkable fact that at ter the completion of the 
iermentation there remained a quantity (amounting to just about 
one half of the glyceric acid employed) of a fixed acid insoluble 
in ether and in other respects most closely resembling glyceric 
acid itself, although its purification, owing to its being mixed with 
a large quantity of calcium chloride, was invested with inordinate 
difficulties. We at once suspected that the fermentation had taken 
a similar conrse to that observed by Pasteur in his classical experi¬ 
ments on the decomposition of racemic acid, and which resulted in 
the destruction of the dextro- and m the persistence of the lffivo- 
tartaric acid. 

Special fermentations were, therefore, started w r itb a view of ascer¬ 
taining whether the fermented liquid was optically active or not. 


Preliminary Experiments. 

Three flasks were each furnished with the following ingredients :— 


Calcium glycerate 

Peptone. 

Salts, solution .... 
Calcium carbonate 


15*0 grams 
0*5 „ 

50 c.c. 

2 5 grams 


Diluted to 500 c.c. 
with distilled 
water. 


Two of these flasks were fermented with a pure culture of the 
Bacillus ethaceticus in the ordinary way, the third was preserved for 
control. 

When the fermentation was completed, the contents of one of the 
fermented flasks and of the control flask were respectively filtered 
and evaporated down to a small bulk (100 c.c.) aud examined with 
the polarimeter (a Mitscherlich w half-shadow ** instrument). The 
unfermented liquid was found to be quite inactive, whilst the fer¬ 
mented one gave a rotation of —2°. 
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In order to obtain a more concentrated solution of the free acid, 
the calcium was precipitated by means of the calculated proportion 
of oxalic acid (after carefully determining the calcium in solution in 
the liquids from the fermented and control flasks respectively). The 
filtrate from the calcium oxalate was evaporated to a small hulk, 
boiled w itli animal charcoal, filtered, and again evaporated until the 
volume of the liquid was only 20 c.c. Some of this solution was 
examined with the polarimeter, and although it was too dark in colour 
for accurate observation in a 200 mm. tube, still an undoubted rota¬ 
tion of about —1° to —1*5° could be discerned. 

On further making the volume up to 40 c.c. with distilled water, 
the rotation obtained was —0*5° to —0*75°. Exactly one-half of this 
liquid was carefully neutralised with sodium carbonate, and the 
volume made np to 25 c.c.; on examination in the same 200 mm. tube, 
it gave a rotation of —4° to —4*5°. 

This rotation was very much more accurately measurable, as the 
liquid thus diluted was very nearly transparent. 

The unfermented liquid was treated in exactly the same manner. 
The free acid made up to 20 c.c., on examination in the 200 mm. tube, 
was very dark coloured, and the readings were consequently very 
difficult to make, but a rotation of —0*75° was recorded, although 
probably due to experimental error, for when half of this was 
neutralised with sodium carbonate and made up to 25 c.c., the nearly 
transparent liquid yielded in the 200 mm. tube either no rotation 
at all or at most —0*5°, thus contrasting most markedly with that 
obtained in the case of the fermented liquid under precisely similar 
circumstances. 

The contents of the second fermented flask, after filtration and 
reducing the volume by evaporation to 100 c.c., gave in the 200 mm. 
tube a rotation of —2°. 

The calcium was again quantitatively removed by oxalic acid, the 
filtrate was twice boiled with animal charcoal, and the bulk then 
reduced to 20 c.c. by evaporation; on examination in a 200 mm. tube, 
the rotation at 18*5° was found to be —0*9°. 

The half of this liquid was then neutralised with sodium carbonate, 
its volume made np to 25 c.c, and then examined in the 200 mm, tube 
at 17°; the rotation was —3'4°. 

Prom these experiments, it was evident that the fermented liquid 
contained an active acid (apparently Isavorotary), yielding a more 
active calcium and still more active sodium salt. 

E^erimenU on a Larger Scale . 

Two flasks, each containing 60 grams of calcium glycerate with 
the corresponding additions, were fermented in the ordinary way 
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viith a pure culture of the Bacillus ethaceticus. After completed 
fermentation, a portion was employed for the determination of the 
other pioducts, whilst the remainder was taken for the special study 
of the residual acid. Of the volatile products, the alcohol was 
removed by evaporation, whilst the volatile and fixed acids were dis¬ 
placed by the addition of the calculated quantity of oxalic acid, and 
the volatile acids then dissipated by repeated evaporation on the 
water-bath. After filtering off the calcium oxalate, the liquid was 
repeatedly shaken out with ether to remove the fixed acids soluble in 
this medium. Only a very small quantity of impure succinic acid 
was thus extracted, as was to have been anticipated from our previous 
examinations of the fermentation products. 

The liquid now containing only the residual acid was boiled with 
animal charcoal and then evaporated down and made np to a volume 
of 250 c.c. This was examined in a 200 mm. tube, and found to yield 
no appreciable rotation. About 200 c.c. of the liquid were, therefore, 
evaporated down to a syrup in a vacuum fiask at a low temperature 
(in order to avoid the brown coloration of the liquid). This syrup, 
which, notwithstanding the above precaution, w as of very deep colour, 
was examined in the 100 mm tube, when an indistinct rotation of 
+3° to -f 4° was observed. 

4 c.c. of this syrup were theu successively diluted with increasing 
propoitions of water, and, on examination in the 100 mm. tube, the 
following rotations were obtained:— 


volume of liquid. 

Rotation. 

6 c.c. 

+2-5° 

10 „ 

+1-0 

18 „ 

+0'4 

24 „ 

o-o 

30 „ 

o-o 

48 „ 

0-0 


Thus, on the one hand, the right-handed rotation of this liquid was 
amply demonstrated, whilst, on the other hand, the inactivity of the 
250 c.c. dilution examined above is duly accounted for. 

We then proceeded to prepare the calcium salt of this right-handed 
acid by boiling with excess of calcium carbonate. After filtering, the 
liquid was concentrated to about one-third of its bulk, when, on 
cooling, an abundant crop of beautiful, colourless, transparent 
crystals was obtained. The mother liquor was poured off, and the 
crystals, after repeated washing with small quantities of iced water, 
were pressed between filter-paper. 

A portion of this crystalline substance was then reduced to fine 
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powder, and, after further carefully drying by pressure between filter- 
paper, was submitted to analysis, with the following result:— 

I. 0*4585 gram yielded 0*2180 gram CaSCh, corresponding to 
13*98 per cent, calcium. 

If. 0*2 L«0 gram yielded, on combustion with CuO, 0*0975 gram 
OH 2 and 0*1695 gram C0 2 (the ash, on titration with 
N/10 HC1, was found to be pure CaCO*), corresponding to 
H = 4*95 per cent., C = 21*19 per cent. 

III. 0 2090 gram similarly yielded 0*0925 gram OH 2 and 0*1640 
gram C0 2 (the ash on titration was found to contain a 
deficiency of C0 2 amounting to 0*0027 gram, which must 
thus be deducted from the C0 2 obtained), corresponding to 
H = 4*92 per cent., C = 21 05 per cent. 

IY. 0 5835 gram lost 0*0725 gram on heating to 130° until con¬ 
stant = 12 43 per cent. H 2 0. 


Calculated for 
cal< ium glycerate, 
I. II. III. (C 3 H 6 0 4 ) 2 Ca,20H 2 . 

Ca. 13*98 — — 33*98 

C. — 25*38 25*26 25*17 

H. — 4*95 4*92 4*89 

O. - — — 55*96 


300-00 

20H 2 . 12*43 — — 12*59 p. c. 


There was thus no doubt that the crystalline substance obtained 
was a calcium glycerate. In order to ascertain its optical activity, 
10 grams of the salt were dissolved in water and made up to 100 c.c.; 
this, on examination in the 1*984 decimetre tube, gave, at 14*4°, a 
lotation of —2*4° (sp. gr. 1*048 at 14*4°, as against water = 1*000 at 
the same tempeiature), from which can be calculated by the formula 

[ala = 100a /l = length of tnbe in decimetres, \ 

L Zc \c = concentration in grams per 10J c.c. / 

the specific rotation.... [a] D = —12*09. 

As it was thought possible that perhaps this active salt might be 
mixed with some of the inactive variety, we recrystallised a portion 
of the former and again determined the specific rotation by dissolving 
1 gram of tbe salt in water and diluting to 10 c.c.; on examination in 
the 200 mm. tube, a rotation of — 2‘4 U was observed (temperature, 
14*0°), a result which was thus identical with the former one. 

It will be seen that this laevorotatory calcium salt was obtained 
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from an acid liquid possessing a dextrorotatory activity, and it thus 
became of special interest to determine the rotation of the acid 
obtainable from the pure calcium salt. 2*724 grams of the salt (cor¬ 
responding to 2*0 grams of free glyceric acid) were decomposed with 
the calculated quantity of oxalic acid, and, after filtering off the 
calcium oxalate, the filtrate was evaporated and made up to 10 c.c. 
On examination in the 1*984 decimetre tube at 12°, this gave a 
rotation of +0*85°, corresponding to a specific rotation of 
Wd = +2*14°. 

A second and equal quantity of calcium salt was similarly decom¬ 
posed, and the resulting acid added to the first, the total volume being, 
as before, 10 c.c. On examination in the same tube at 12°, the rota¬ 
tion was found to be only +0*15°. 

This result, that the doable quantity of acid gave a much smaller 
rotation than the single, was extremely perplexing, but on again 
examining the tube containing the liquid six hours later, we found 
that the rotation had risen to +0 5° (temperature still 12°), and 
again, after 12 hours more, it was +0*5° to 4*0 6°. 

It appeared, therefore, not improbable that this smaller rotation 
might be due to the formation of an anhydride dnring evaporation, 
which then gradually underwent hydration on standing in the pre¬ 
sence of water. In order to test this point further, we took the above 
liquid, containing 4 grams of free acid, and dilated to 20 c.c.; this, 
on examination, was found to give no rotation. We now divided this 
liquid into two equal parts of 10 c c. each; one part was left at the 
ordinary temperature, and after six hours it was found to give a very 
slight rotation to the right, which had not materially changed after 
12 hours more. It was then evaporated to a syrup and further heated 
for six hours on the water-bath; the residue was then extracted with 
water, but was found to be incompletely soluble, a considerable 
quantity of a white powder remaining; this was filtered off, and the 
filtrate, after dilution to 10 c.c., was examined in the 1 984 decimetre 
tube at 12°, and gave a rotation of —3*2°; after standing for 18 hours, 
the rotation was —3 0° (ternpeiature, 11°). 

The other half (measuring 10 c.c.) of the above inactive liquid was 
first digested for three and a-half hours on the water-bath, its volume 
being maintained throughout, and on then examining in the 1*984 
decimetre tube at 13°, it gave a rotation of +0*5°; on examining 
again, after 18 hours, it had increased to +0*65° (temperature, 12°). 

This portion was again digested for six additional hours on the 
water-bath, its bulk being maintained as before, and on then examin¬ 
ing at 12*5°, it gave a rotation in the same tube of +0*8°, and this 
rotation still remained unchanged after the liquid had stood in the 
tube for 12 hours. 
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These remarkable phenomena admit of a ready and consistent 
explanation. In the first place, the new glyceric acid is itself indis¬ 
putably dextrorotary, although we cannot yet assign an exact value 
for its optical activity, in consequence of the facility with which it 
passes, partially, at any rate, into an anhydride, which is strongly 
kevorotary. This relationship between the active glyceric acid and 
its anhydride is most conclusively demonstrated by the results of the 
two above experiments, in which, on the one hand, by digesting the 
acid with water, the dextrorotation was increased, whilst by pro¬ 
longed heating of the acid to 100° a powerful laevorotatiou was 
obtained, and a considerable quantity of a white, insoluble body 
formed; the latter will, in all probability, prove to be the anhydride 
itself, whilst the laevorotatiou is doubtless produced by the portion 
of this anhydride remaining m solution, and far more than counter¬ 
acting the feebler dextrorotation of any of the acid itself that may be 
present. 

This explanation also easily accounts for the apparent discord 
between the activity of the free acid obtained in the preliminary 
experiments and that in the larger subsequent experiment, the former 
being lsevo-, and the latter dextro-rotary, the salts in each case being, 
however, strongly laevorotary. In the preliminary experiments, the 
free acids, after being concentrated on the water-bath to the consis¬ 
tency of a syrup, were diluted to volume and immediately examined 
in the polarimeter; there would consequently he a considerable 
quantity of anhydride present, which, owing to its superior activity, 
would direct the rotation to the left. In the later and larger experi¬ 
ment, on the other hand, the solution of the free acid was carefully 
evaporated down at a low temperature in a vaeaunffiask (see p. 99), 
and the tendency to anhydride-formation must thus have been reduced 
to a minimum, with the result that the liquid exhibited a vezy con¬ 
siderable right-handed rotation. 

The phenomena recorded above present the most perfect analogy 
to those observed by Wislicenus in his classical researches on paralac- 
tic acid (dtwalen, 167, 302). Wislicenus found this acid to be 
dextrorotary,* whilst its salts (zinc and calcium) were lsevorotary, 
the anhydrides again were most powerfully lsevorotary, and their 
formation during the evaporation of the solutions of the acid pre¬ 
vented any accurate determinations of the specific rotation of the 
latter being made. Wislicenus further found that on diluting a 
solution of the acid, its dextrorotation is in the first instance 
diminished, and subsequently undergoes increase on standing, without, 

* Klimenko (Journ. JSL% if*. Chem. Soe ., 12, 17; Beilstein, Org. Chem 1, 514), 
on the other hand, gives the specific rotation of paralactic acid as —2*4^. 
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however, quite recovering its original value. This behaviour he ex¬ 
plains by assuming that a hydrate, C 3 H b 0 3 4- OH*, of inferior activity 
is formed. We have also fonnd that the new glyceric acid also has 
its activity reduced by dilution (see p. 90). 

We have more recently again fermented two large quantities, 
60 grams respectively, of calcium glyceraie, and have in both cases 
again recovered the crystalline laevorotary calcium salt from the 
fermented liquid. 

We may point out, in conclusion, that the only attempt, as far as 
we are aware, hitherto made to break np ordinary glyceric acid into 
active varieties was that of Lewkowitsch, who, after his most success¬ 
ful decomposition of mandelic acid, endeavoured to apply the same 
methods to lactic and glyceric acids. By growing the mould Fenvil- 
lium glaucum in a solntion of ammonium glycerate, the liquid became 
hevorotary, but beyond this, the investigation was apparently not 
pursued (2?er., 1833, 27*20). 

In conclusion we may summarise the more important results we 
have obtained as follows :— 

(1.) In the fermentation of calcium glycerate by means of the 
Bacillus ethaceficus one half of the glyceric acid is destroyed, 
whilst the other half remains. 

(2) The glyceric arid so remaining after the completion of the 
fermentation is optically active, turning the plane of polari¬ 
sation to the right. 

(3.) The calcium and sodium salts of this active glyceric acid are, 
on the other haud, lse vorotary. 

(4.) The specific rotation of the calcium salt, (CaHsO^Ca^OETj, is 
[a] D = —12*09. 

(5.) Solutions of the acid, on prolonged heating on the water-bath, 
yield a considerable quantity of a white, insoluble, or 
sparingly soluble substance, whilst the solntion from which 
this substance has separated is powerfully lmvorotary. 

(6.) There is every reason to believe that the sparingly soluble 
substance is an anhydride, and that it is powerfully 
hevorotary. 

It is obvious that the acquisition of this new active acid opens out 
a wide field of interesting research in connection with the numerous 
derivatives that may be prepared from it, and to which we now pro¬ 
pose to give onr attention. 


Appendix. 

We have hitherto only very partially determined the specific 
properties of this active (lsevorotary) calcium glycerate; it appears to 
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be considerably more soluble in water than the inactive form, 
whilst, like the latter, it is insoluble in alcohol. 

In investigating the fermentation products of calcium glycerate as 
described in the preceding communication, we found, however, the 
calcium salt of the residual acid to be soluble in alcohol, and this 
appeared to be out of harmony with the later observation of the 
insolubility of the pure salt. It appeared, however, that the presence 
of such a large quantity of calcium chloride amongst the fermenta¬ 
tion products might very possibly affect the solubilities of the active 
and inactive calcium glycerates in alcohol. The following experiment 
was, therefore, made to ascertain this point:— 

0*45 gram of active and inactive calcium glycerate respectively was 
dissolved in two separate quantities of water, and to each 0*385 gram 
of calcium chloride was added; each of these two solutions was 
e\ aporated to dryness on the water-bath, and then taken up with 
alcohol (90 per cent.); in both cases the entire residue at first 
dissolved, but on standing about 20 minutes, precipitation commenced, 
but rather more rapidly in the case of the inactive than in that of the 
active glycerate. The alcoholic liquids were allowed to stand for 
two days and then filtered, the precipitates were dissolved off the 
filters with water, and the calcinm determined in each. The follow¬ 
ing quantities were obtained:— 

Inactive Calcium Glycerate. Active Calcium Glycerate. 

0*0795 gram CaO, correspond- 0 0755 gram CaO, correspond¬ 
ing to 0 4042 gram calcium ing to 0*8856 gram calcium 
glycerate, or 90*24 per cent. glycerate, or 85*81 per cent, 

of the quantity used. of the quantity used. 

It thus appears that both the inactive and active calcinm 
glycerates, and especially the latter, are appreciably soluble iu 
alcohol in the presence of calcium chloride, and this partially accounts 
for the active calcium glycerate being found in the alcoholic 
solution of the fermentation products referred to, whilst the solubility 
would doubtless be considerably or even greatly increased through 
the other impurities which must have bceu present there also. 
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XIII.— Condensation of Acetone-phetiaathraguinune. 


By Gr. H. Wad&worth, Associate of tlie Royal College of Science. 


The compound dehydracetone-phenanthraquinone (better anhydracet- 
one-plienantliraquinone) was originally prepared by Japp and Miller 
(Trans., 1885, 17) by tbe action of an excess of strong aqueous 
potash on a mixture of pbenanthraquinone and acetone. The yield 
of the compound was extremely small, and with the object of pre¬ 
paring it in quantity, I tried to obtain it from acetone-phenanthra- 
quinone by the dehydrating action of snlphuric acid. 

50 grams aeetone-phenanthraquinone were very finely powdered 
and gradually added to a well cooled mixture of 500 grams of concen¬ 
trated sulphuric acid and 500 grams of absolute alcohol, which was 
then gently heated to 45° on the water-bath. In a short time, the 
turbid liquid became clear, the aeetone-phenanthraquinone having 
dissolved; but on cooling, a yellowish-brown substance separated in an 
amorphous condition. The separation was complete on allowing the 
mixture to stand over night. The amorphous substance was well 
washed with alcohol, afterwards with water, and finally dried at 100 °. 
Most of the impurities were got rid of by a preliminary crystallisa¬ 
tion from ether, the substance separating in hard, yellow cakes on 
the side of the beaker. The compound was then crystallised three 
times from benzene, after which it had a constant melting point of 
■288°. The substance is moderately soluble in benzene, from which 
it separates in hemispherical tufts of minute needles, but it is only 
sparingly soluble in glacial acetic acid, the compound having to be 
boiled for a considerable time before passing into solution. From the 
latter solvent, the compound separates in obliquely truncated 
prismatic needles. Various methods of applying the sulphuric acid 
have been tried, but the one described was found to give the best 
results. The result of the experiment was quite different from what 
was expected, for, on analysis of the compound, figures were obtained 
agreeing with the formula CmHjjOs, which can only be accounted for 
by supposing that 2 molecules of aeetone-phenanthraquinone unite, 
with the elimination of 3 molecules of water, thus :— 


C 6 H 4 *C*OH*CH 3 'CO'OH 3 

2 c 6 h 4 -c:o 


30H> “ G 34 H 22 O 3 . 


Substance. GO*. OH*. 

I. 0-2005 0*6276 0*0857 

II. 0*2024 0-6332 0-0866 


VOL. LIX. 


I 
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The yield of substance is very small, part of the original compound 
being decomposed into phenantbraqninone and acetone, a large 
quantity also being resinised during the reaction; on tbis account, 
no attempt lias been made to determine the constitution of the body, 
which is probably very complex. Similar experiments were tried 
with acetone-benzil and diacetone-phenanthraquinone. but no definite 
compounds could be isolated. 

Royal College of Science , 

South Kensington. 


XIV.— The Spectra of Bine and Yellow Chlorophyllwith some 
Observations on Leaf‘green. 

By W. X. Hakllly, F.R.S., Professor of Chemistry, Royal College of 

Science, Dublin. 

1 1 has long been known that leaf-green is composed of at least two 
colouring matters, called blue and yellow chlorophyll, the optical pro¬ 
perties of which have been separately studied (G. G. Stokes, Proc. 
Roy. Soc., 13, 144; and H. C. Sorby, ibid., 21, 442). Chautard made 
an elaborate study of the spectra of mixed colouring matters of green 
vegetation (Uompt. rend. t 75, 76, 77) ; so also has Timiriazeff {Ami. 
Chim. Phys. [5], 12,365), and lately Reinke has studied very minutely 
the spectra of green living tissues (Be?\ dentsch hot Ges ., 1, 395). 
The subject has further engaged the attention of Lommel (Ann. Phys. 
them., 143, 568), Schonn {Ann. Phys. Chem., 144, 166), Vogel 
(Sitzimgsberichte der K. Ahademie , Munch en, 1872, 133), Gerland, 
Wiessner, Filhol, Liebermaan, Sachsse, and many othei*s. A recent 
paper by Tschirch is published in the Trans., 1884, 45, 57. The 
most recent researches are those of Schunck (Proc. Roy. Soc. 39 
348; 41, 465; 42, 184), which deal very largely with the decomposi¬ 
tion product of chlorophyll called phyllocyanin. and its derivatives 
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and combinations with basic substances and with acids. Als o 
Wollheim (Ann. Agronum ., 14,141—143) has elaborately investigated 
such compounds (Abstr., 1888, 723). The colouring matters of green 
jeaves are substances of a particularly interesting character, first, on 
account of the connection which seems now to have been established 
between the absorption spectrum of chlorophyll and its physiological 
functions, and, secondly, because of the intimate relation which mast 
exist between its absorption spectrum and its chemical constitution. 

While endeavouring to study the chemical constitution of chloro¬ 
phyll, by means of its absorption spectrum, it has been found neces¬ 
sary to re-examine the substance, so as to establish the relationship 
between the visible and the ultra-violet spectra.* H. Beequerel has 
examined the action of an alcoholic solution of chlorophyll upon the 
infra-red rays, but he finds no strong band of absorption analogous to 
those in the luminous region (Ann. Ohim. Phys. [5], 30, 40). Abney, 
moreover, by his photographic process, has also failed to find any 
infra-red band. 

The subject matter of this paper may be conveniently described 
under the following heads:— 

a. Observations on the spectra of chlorophyll contained in living 

tissues. 

b. The spectrum of the chlorophyll as seen in dried leaves. 

c. Mode of extracting] leaf-green unchanged, and separating the 

blue from the yellow chlorophyll. 

d. Measurements of the spectra of the chlorophylls. 

Observations on Living Tissues. 

In order to ascertain how far the extracted colouring matters 
differed from, or were identical with those contained in living tissues, 
a series of observations were made upon green tissues, both by the 
visible and the ultra-violet spectra. In order to avoid the absorptive 
action for the ultra-violet rays which is known to be exerted by sub¬ 
stances other than those which constitute the cellular tissue and the 
colouring matter of plants, it was considered desirable to make use 
of leaves not likely to contain any vegetable acids, aromatic sub¬ 
stances, alkaloids, or glucosides, and, accordingly, aquatic plants were 
chosen, Anaoharis and a filmy green sea-weed being taken as 
examples. According to Sorby, yellow chlorophyll is absent from 
green sea-weeds. As the observations on living tissues did not give 
different results with different plants, whether ferns, of which some 

* Since this paper was written, A. Hansen (Die Farbstoffe des Chlorophylls, 
IS89, p. 82) has examined the ultra-violet spectrum by Sorefc’s method, but only 
incompletely. * 

i 2 
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six species were examined, palms, three species, or ivy, two species, 
the character of the spectrum, as seen in the spring time, February, 
March, April, and May, may be briefly stated to be as follows :—The 
thickness of one leaf or frond showed the dark band overlying B, 
with an extension, consisting of a second weaker and closely-adjacent 
band, nearer the orange, and overlying C. There were no traces of a 
band in the yellow, close to D, and no indication of one in the green. 
The spectrum ended just beyond the magnesium green triplet 6. Two 
thicknesses caused the bauds to be much increased in density; there 
was no band, but only a dimness in the yellow at D; the green was 
practically unaltered, and the end of the spectrum was approached at 
6 Three and four thicknesses transmitted no trace of red, but only 
the green and part of the yellow rays, no band was observed in the 
green at all. Caxe was taken that no alteration should be caused by 
exposing the colouring matter to a beam of light, concentrated by a 
lens, only the direct sun’s rays or such as were reflected from a 
mirror, being employed. The leaves and fronds were pressed between 
plates of glass. !No living green tissue of any kind was found to be 
capable of transmitting the ultra-violet rays. Ivy leaves, gathered 
in February, are so rich in green substances that even in strong sun¬ 
light one thickness transmitted nothing but the green rays, and 
showed no sign of any absorption band. 

The bands mentioned above are clearly shown in the diagrams 
representing the absorption curves of blue and yellow chlorophyll. 
The reason why the band 16 in the red is not seen distinctly, but 
only as a continuation of la, will be understood if a combination of 
the two curves is observed, as this shows the effect of the mixed 
chlorophylls. Overlying B and C there are actually three bands, two- 
belonging to the blue, and one to the yellow chlorophyll. 

A valuable abstract of a paper by Dr. Husemann appears in Nature . 
30, 224, for which we are indebted to Dr. C. A. MacMunn. It is 
there stated that yellow chlorophyll shows no fluorescence and no 
absorption band in the red, statements to the contrary being based on 
imperfect methods of separation. I think I shall he able to show that 
a yellow chlorophyll (that is to say, a yellow substance exti acted 
from leaf-green), containing no trace of the blue chlorophyll, has a 
feeble but distinct and different band of absorption in the red, and a 
distinct fluorescence (see p. 118 and plate, p. 122). It is true that the 
band is very indistinct in an alcoholic solution, but this is by no 
means the case with the solution in benzene, if the solution be strong. 
When young leaves, gathered in the month of June from ivy, 
Virginia creeper, borage, rose trees, or blades of grass, are examined 
by sunlight, concentrated with a lens or concave mirror, the absorp¬ 
tion band in the red is seen to occupy the space between B and G, 
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-and to overlie those lines, the termination of the spectrum beings 
■about 'wave-length 5000. Under the concentrated rays of the sun the 
tissues and the colouring matter are soon altered. 

The Spectrum of Colouring Matters obtained from Dried Leaves. 

To ascertain whether leaf-green is altered by drying, observations 
were made on Anacharis dried with blotting paper and subsequently 
heated in a water-bath to 100°; ivy leaves dried by exposure to dry 
air, and also over sulphuric acid in a vacuum; green sea-weed dried m a 
water-oven. Perfectly pure and dry ether, expressly prepared for the 
purpose, extracted in each case a green colouring matter, which showed 
two bands of absorption, one in the orange the other in the green, which 
I have not observed in living tissues. These are, however, figured in 
the beautiful drawings by Tchirsch, illustrating Reinke’s paper 
( Ber . deutsch. hot. Ges ., 1, 14). These spectra were observed in 
leaves by means of a microspectroscope, and it is not unlikely that 
the bands were caused by an alteration in the colouring matter 
effected By exposure to intense light, but it is also possible that at the 
time of the year when the plants were examined a change had taken 
place in the colouring matter by a normal process. It appears that 
leaf-green also undergoes some chemical change when dried, even if 
the drying be effected in a vacuum at the ordinary temperature. 


Mode of Extracting Leaf-green Unchanged, and of Separating the Blue 
from the Yellow Chlorophyll . 

Solvents which are of service in separating blue and yellow chloro¬ 
phyll are the following:—Light petroleum, benzene, chloroform, 
alcohol with not more than 2 per cent, of water, alcohol of 50 per 
■cent., and dry ether. The hydrocarbons and chloroform dissolve the 
yellow chlorophyll in preference to the blue, when the colouring 
matter is dry. When chloroform has been used to make a solution, it 
should be distilled off as soon as possible, otherwise the colouring 
matter is apt to change in contact with air, and an absorption band 
appears in the green, the liquid becoming brownish. Turpentine 
is wholly unsuitable for the same reason, although at first the 
solution of blue and yellow chlorophylls is very brilliant. Hot 
turpentine yields a solution of an olive-green colour; on exposure 
to the air and diffused daylight, this is changed to a dull yellow, and 
finally becomes decolorised. A strong band of absorption in the 
green is seen in this solution. Other solvents of no particular 
interest are amyl alcohol, isopropyl alcohol, ethylene dibromide, and 
aldehyde. 
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To extract the colouring matter, ivy leaves were rolled into bundles 
and rasped on a bread-ernmb grater, or minced finely with a knife 
on a chopping-board. Sometimes the shreds were steeped in cold 
water for 12 hours, whereby a good deal of a yellow or orange-yellow 
colouring matter was removed along with pectose, glucosides, and 
resin. As soon as no moie of this colour was yielded to fresh water, 
the material was squeezed between linen cloths and folds of dry 
blotting paper. The colouring matter was then extracted by tritura¬ 
ting with broken glass or fine quartz-sand in a porcelain mortar, 
together with the solvent to be used. "When ivy leaves are boiled 
previous to extracting the colouring matter, and subsequent to 
washing with water, the shreds of leaf are of a dull olive-green in the 
centre and bluish at the edges. Extraction with cold alcohol then 
gives a solution showing the absorption band in the green strong, as 
in the turpentine solution; and no doubt the colouring matter has 
undergone a change. 

When a solution of leaf-green is made with cold alcohol of 98 per 
cent., by extracting the colour from mixed ivy leaves, either with or 
without washing, its properties are seen to be those of the ivy leaf, in 
that it absorbs nearly all the red rays and the green rays near to the 
tei'mination of the spectrum, the yellow and orange rays are dimmed, 
bnt the green is wholly transmitted. I prefer to extract the colour 
from the leaves immediately after mincing them, and as rapidly as 
possible, the whole of the green matter being immersed in spirit in a 
stoppered earthenware jar, and so protected from air and daylight. 

To the alcoholic solution, a warm saturated solution of barium 
hydrate is then carefully added, until no further precipitation takes 
place, whereby a rich green precipitate is formed, leaving the solu¬ 
tion yellow. After filtration and repeated washing on the filter with 
water and alcohol, which latter may be boiling, some of the yellow 
colouring matter still stains the filter. This is easily removable by 
washing with either cold or boiling chloroform. After a time, the 
washings begin to run with a greenish-yellow tinge. At this stage, 
the filter may he washed with boiled alcohol, and a repetition of the 
process causes the spirit to run through colourless. In order to 
separate the blue chlorophyll from the baryta compound, the precipi¬ 
tate is treated with a warm solution of boric acid in glycerin, to 
which alcohol is added, when a solution of bine chlorophyll is obtained. 
In this state it is very stable provided no acid be added to it; a few 
minutes boiling causes no alteration in its spectrum. It exhibits only 
two absorption bands in the red, very close to each other, the less re- 
irangibie being the sharpest in definition and the most intense; the 
spectrum ends in the blue. 

A precisely similar substance is obtained by precipitating blue 
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chlorophyll by the addition of water to an alcoholic solution of leaf- 
green, and shaking the liquid with benzene. In this case the benzene 
takes up the blue chlorophyll, while the yellow remains dissolved in 
the weak alcohol. This method of separation is similar to that first 
employed by Sorby. From the solution of yellow chlorophyll in weak 
alcohol, a portion of the spirit was distilled off, and the aqueous liquid 
was shaken with chloroform, which was separated and distilled; the 
substance was then redissolved by treating the residue with dry ether 
or with benzene. 

A considerable quantity of a baryta compound of yellow chloro¬ 
phyll was formed; this was of course separated by filtration, and the 
colouring matter was liberated by boric acid, as in the case of the 
bluish-green substance. It was proved that boric acid did not affect 
the spectrum of the yellow substance. 

In filtering a large quantity of a strong alcoholic solution of leaf- 
green, it was noticed that there was a tendency in the yellow colouring 
matter to creep away from the blue chlorophyll. This separation of 
the two substances by the action of capillarity was promoted by using 
a filter 16 inches in diameter, and 2 inches too large for the funnel, 
and pouring the coloured solution at once on to the filter without 
previously moistening it. By this means a separation of the yellow 
substance was obtained, and its properties were studied. The portions 
of the filter stained yellow were removed, and treated with aicohoL 
or ether, and the solution so obtained was submitted to the same 
reaction which the yellow chlorophyll had been subjected to on 
a larger scale; it was found that such treatment left it unchanged. 
Four preparations of blue chlorophyll and three of yellow chlorophyll 
were made from ivy leaves by the method described. Those specimens 
of the blue substance which I consider to be the purest were prepared 
from a well purified baryta precipitate, and gave a beautiful, red 
fluorescence. Two other specimens gave, one a brown, the other a 
chocolate-coloured fluorescence. The reason of this variation was 
ascertained, and it may be here stated that the true fluorescence is red. 

The yellow chlorophyll in concentrated solutions in benzene or 
alcohol is brownish, its fluorescence is a magnificent red; a dilute 
ethereal solution of the yellow chlorophyll was seen to change from a 
yellow to a greenish-yellow in the bottle in which it was kept during 
the period it was under examination by the spectroscope; at last it 
became quite colourless. This specimen had been dissolved in ether 
which was not perfectly dry, and the trace of moisture may have 
promoted the change. The following reactions of blue and yellow 
chlorophyll are to be noted. When the barium compound of blue chloro¬ 
phyll is treated loith an aqueous solution of boric acid , the substance 
instantly changes to a yellow colour upon boiling . 
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Agitation with hydrochloric acid and ether yields with blue chloro¬ 
phyll a brownish coloration in ether, and the blue characteristic 
colour in water. With a small quantity of the chlorophyll, there 
ib no brownish coloration, and the ether remains colourless. When 
yellow chlorophyll is treated in a bimilar manner, the ethereal solu¬ 
tion is yellow' and the aqueous of a greyish tint. It appears, there¬ 
fore, that the blue chlorophyll produces the blue colour in Fremy’s 
reaction. "When blue and yellow chlorophyll are separately treated 
with formic acid and ether, there are produced two new substances, 
showing absorption bands in the green. 

AT. Guignet has described a method of extracting the green colour¬ 
ing matter from leaves, and has recorded the existence of a definite 
crystalline compound of blue chlorophyll with sodium (Compt. rend., 
100, 434J. His preparations are made in the following manner:— 
Fresh leaves of spinach are treated repeatedly with boiling water 
containing \ per cent, of soda crystals ; in this way, tannin and pectose 
are removed. The residue is then strongly pressed and digested 
with alcohol of 95 per cent. If dried leaves are extracted with light 
petroleum, and subsequently with alcohol, the products are purer. 
He states that no blue chlorophyll is yielded to light petroleum, but 
only a mixture of the yellow and colourless matters. Finally, a small 
quantity of green colour is dissolved by the light petroleum. 

My experience of the action of light petroleum upon air-dried, 
minced ivy leaves showed that at first there was extracted only a 
yellow chlorophyll; after a prolonged extraction a green substance 
became dissolved, and in forty-eight hours a deep-green solution was 
obtained, which showed two strong absorption bands in the green, 
and therefore did not; consist of pure blue chlorophyll. The third 
extract was greenish-yellow; it showed only two contiguous absorp¬ 
tion bands in the red, and a red fluorescence characteristic of yellow 
chlorophyll when mixed with a little blue. The fourth extinct was 
at first, as nearly as possible, colourless, but in 12 hours it became 
yellow, with a very faint, greenish tinge; even the twelfth extract 
was yellow, and hitherto I have failed fco get the solvent to remain 
colourless. The quantity of the solvent employed in this treatment 
amounted in all to at least 16 times that required to completely 
immerse the chopped dried leaves. On keeping the several extracts 
until a large accumulation should render it convenient to distil off the 
petroleum, the second solution of a greenish colour became bleached, 
probably by the action of light. Hence it appears that the action of 
light petroleum is not in all cases the same, and that this method is 
more conveniently applicable to the treatment of spinach than of ivy 
leaves, since the latter require to be cut up, if not minced finely. It 
was found that an alcoholic extract of fresh leaves became altered, 
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notwithstanding that it was preserved in a bottle filled to the stopper, 
so as to leave not more than 1 or 2 c.c. of air-space in a litre of 
liquid, and in a fortnight, although the vessel was kept in a dark 
cupboard, the rich green tint had taken somewhat of an olive tinge, 
and the bands of absorption in the yellow and green were seen to be 
strongly developed (compare Russell and Lapraik, Trans., 1882, 41, 
334). Hence it is best first to extract freshly minced leaves without 
drying and with very strong alcohol, and then to precipitate the green 
colouring matter as rapidly as convenient. It might be advantageous 
to add a little ammonia to the alcohol, in order to neutralise any add 
existing in the juices of the plant or likely to be formed by the oxida¬ 
tion of aldehydes. Russell and Lapraik have studied the changes in 
the chlorophyll spectrum caused by acids, &c. (loo. cit.). 

The fresh extract of green leaves, and even that which has been 
kept for some little time, readily reduces nitrate of silver to a mirror 
when boiled in a flask, but as the quantity of reducing substances is 
very small, the mirror is thin. Hence, we may infer that the 
aldehyde is by keeping oxidised to formic acid, and that this alters 
the chlorophyll. Chlorophyll, altered by a trace of formic acid, is 
precisely like that altered by keeping. 

The ivy leaves which had been treated 16 times with light 
petroleum were allowed to stand for some weeks with that solvent. 
The liquid acquired a deep olive-green colour. It was kept all the 
time in the dark, so that light could have had no effect upon it; air, 
too, was excluded. 


Comparison of Various Chlorophyll Spectra. 

Wave-length measurements of the bands visible in thick and thin 
layers of the solution are given on p. 114 (A). The bottles were 
then exposed to diffused daylight for a week; the contents of the small 
bottle lost much of the colour, and, indeed, the solution was only 
very faintly greenish in hue; its spectrum is shown (B). 

Spectrum C is that of Tschirch’s chlorophyll (Trans., 1884, 45, 
o7). The process by which this, which was believed to be pure 
chlorophyll , was obtained, appears to have been previously described 
by Church and the substance itself is probably a zinc compound. 
Spectrum D is that of Russell and Lapraik’s alcohol and ether-extract 
of various leaves. In spectrum A there were two bands' overlapping 
in the red, numbered la and 16; of course, only the more refrangible 
edge of 16 could be measured. 

If a careful comparison be made of these measurements, it will be 
observed that in Tschirch’s spectrum 0, band I corresponds to bands La 
and 16, and the same remark may be applied to Russell and Lapraik’s 



•vjpodg flftydbMoptf) mouvji fo iwsi.wtfuwQ 


114 


HARTLEY: THE SPECTRA OP 


i i- 

O j 

J 1 


n 


to 

iH 

© 


r? 

Cl P? 
VO - 

1- 


P3 rs 
§ § 

83 

VQ IS 


=3 

s 


£ 


8 

a 


Pi 

S 


s 

vo 

I 

p 


I. 


IN VS 
VO VO 
VO VO 


I 


IN 

© 

I 

CO 

© 


I-.© 

88 


■a 


s 

s 

m 


!► 

o 

CO CO 

VO o 

N 

<S 

CO 

CO CO 

Ol <M 

CO 

CO 

rH 

VO 

vo vo 

VO VO 

VO 

. 10 

rrt 

3 , 

1 

1 rH 

JU 

1 ! 

O VO 

1 

VO 

u 

€3 

« 

1 

1 " 

iH 

VO *£t 

CO 

VO VO 

-J* 

VO 

VO 


CO 00 

IN VO 

7 T 

Cl 00 
00 IN 
VO VO 


i I 


•5 

1 

ts 

Is 

JS 

KH 

pi 

9 

7 

! 1 

1 1 

1 11 

i 

ns 

fee 

PP 





i 

cS 

i 

J—! 

CO 

CO 30 

o 

© 


& 

45 

VO 

CO 

CO VO 
CO CO 

CO 

9 j 

■"1 

© 


l 

1 

n 

VO 

01 

11 
Cl 00 

1 i 

© VO 

00 00 

i 11 


CO 

CO CO 

© © 

© 


ll 


© 





P5 © 

« pi» 


CO 

IN 

I i 

1 1 

1 i 1 


« ■ 







o 










g 1 

II* 

Si 

sf 

II* 

B* 





I 

1 11 




1 


sg 





1 £| .SJ 

1 3^ 

1 


a i.g 

S3 © 


n 

*( 

*8S| 

IN 

I|« 

III 


I 


K -03 
x> 


B 

n 


• 03 

. ■ 00 

g - . 
.2 • ** 

a;; 

5 0^ 
.§ 8 § 
! icg 

5ri 


iC o 


. §.s 

og'S'g 

*jsj § g 

XI g tj § 

^ g cs.g 

aM. 

&,, 55 
go ho 
wi 43-o*-S 
© 


■a a 
§« 


_ o 
o § g ^ 


f JS'i d 
I-8 S5-S 

P3 WEh 


1 



BLUE AND YELLOW CHLOROPHYLL. 


115 


spectrum D, if allowance be made for the difference in strength of the 
solutions, and, above all, for the shifting of the bands, by reason of 
the solvents being different. 

Band V, which has been observed by Krauss, does not seem to have 
been measurable in the preparations examined by Bussell and Lapraik 
and by Tschircb. Band III in B seems to have been destroyed by 
exposure of the solution to the light. This band appears to have been 
present in Tschirch’s substance, though the experiments of Bussell 
and Lapraik show that it is caused by acids, which is entirely in 
accordance with my own observations, whether the acid be produced 
by oxidation of the aldehyde in the plant tissues, or in the chlorophyll 
extract, or whether the acid be added to the substance. 

Both Tschirch and Bussell and Lapraik seem to have regarded the 
overlapping bands la and 16 as only one band. Band 16 appears to 
lie upon that due to yellow chlorophyll. Tschirch states that in his. 
examination of living leaves he used sun-light concentrated by a lens, 
and passed the rays through two alum cells to intercept the infra-red 
spectrum, but he appears to have overlooked the fact that the violet 
and ultra-violet rays are capable of intense chemical action, and 
therefore it is rather doubtful whether the colouring matter did not 
undergo some change in the living tissue while under observation. 

Measurements of the Spectra of the Chlorophylls. 

The measurements which follow are those of the visible and of the 
ultra-violet region. The spectroscopo used for the visible rays was 
furnished with a compound prism of Grubb’s construction, capable of 
separating the two D lines; the telescope moved on a divided arc, and 
a pointer in the eye-piece, shaped like one of the nibs of a steel pen, 
that is, with one straight and one curved edge, served to fix the 
position of the bands. Beadings were taken when the point and the 
straight vertical edge were no longer visible in an absorption band. 
The metallic lines in fame and spark spectra given in the British 
Association Beport for 1878 were employed for converting arc 
measurements into wave-lengths and oscillation frequencies. The 
ultra-violet spectra were examined by a method already described 
(Proc. Boy. Soc ., 38, 1). The absorption curve obtained from a 
solution in ether of colouring matter from dried Anacharis resembles 
that which may be drawn from Beinke’s spectra (loc. cit.), with the 
addition of a feeble extension into the ultra-violet, which in very- 
dilute solutions shows an absorption band. Specimens of blue and 
yellow chlorophyll were separately examined and absorption curves 
drawn from the measurements; the solutions of the three specimens 
of yellow chlorophyll were not of the same strength, and on this 
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account, and from different solvents being used, the curves differ 
slightly.* 

It is necessary to mention that it was proved by direct experiment 
that the solution of boiic acid in glycerine, when mixed with an equal 
volume of alcohol, absorbed none of the ultra-violet rays less refrang¬ 
ible than wave-length 2200, so that solutions, which might contain 
these substances, could not be optically affected thereby. 

Reinke (Bied. Oentr 1884, 692—696; and Abstr., 1885, 48,182) 
states that the spectra of living leaves and solutions of chlorophyll 
in alcohol were found to be somewhat different. Solutions of fresh 

The Spectrum of Blue Chlorophyll. 


Solution in Alcohol . 


Thickness 
ot layer 
ot liquid. 

1 

-1 

Description of spectrum. 

i 

l” 

Oscillation- 

frequencies. 

Wave¬ 

lengths. 

5 mm. 1 

; i 

Spectrum commences at .. 

i V ery strong absorption band .. 

127 

788 

1 

140—155 

714—645 


'Weak absorption band. 

169—176 

589—565 


| Spectrum ends at... 

214 

467 

4jnm. 1 

Spectrum commences at .. 

130 

764 


Very strong absorption band. 

Weaker absorption band, almost con¬ 
tinuous with the less refrangible band, 

139—147 

719—678 


but more diffuse.... 

149—157 

669—637 


Very weak absorption band. 

169—175 

589—570 


Spectrum ends at... 

214 

465 

3 mm. 

Commencement in the red. 

132 

755 


Strong absorption band ... 

Weaker absorption band, measurements 

141—146 | 

I 709—682 


rather doubtful.. 

151—155 

661—645 


Spectrum ends in the blue. 

215 

403 

2 nun. 

Commencement m the red.... 

133 

749 

! 

Absorption band . 

Spectrum ends... 

141—146 

218 

706—682 

1 mm. 

Commencement in the red ... 

134 

743 


Absorption band ... 

143—145 

701—686 


Termination in the blue about . 

222 

450 


Rays feebly transmitted at. 

306 

326 


and at... 

334 

299 


This solution was diluted five times; 2 c.c. were made up to 10 c.c. 


* The carve of the alcoholic solution of yellow chlorophyll is represented in the 
plate, p. 122, by a dotted line. 
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leaves show no fluorescence ; ordinary solutions, as is well known, do. 
Hence, he believes that the solutions change in properties by a dis¬ 
aggregation of the chlorophyll molecule. In the Dot. Zeit ., 1885, 
Nos. 5 and 9 (also Abstr., 48, 991), he shows that the maximum 
decolorising action of light on chlorophyll in alcohol and benzene 
lies between wave-lengths 650—610, between B and 0, and the next 
between 450—410, which measurements agree with the relative 
intensities of the two most important and persistent bands, as shown 
by my curves, and which, therefore, correspond with vibrations 
of greatest amplitude at opposite ends of the spectrum. 


Thickness 
of layer 
of liquid. 

Description of spectrum. 

Oscillation- 

frequencies. 

Wave¬ 

lengths. 

5 Tinm. 

Commencement in the red. 

134 

748 


Absorption band ... ....... 

141—144 

706—692 


Visibility of rays terminates m the blue 5 




rays photographed.... 

208 

4S0 


Very faint, not continuous. 

222 

450 

4 mm. 


134 

743 


Absorption band directly overlying 0 .. 1 

145 

689 







227 

440 



227 —277 

440—361 



353 

283 

3 mm. 

Commencement in the red .. 

134 

743 


Absorption band at C still visible. 

145 

689 


Rays transmitted to... 

227 

440 


^Tt^nrpHnn Tw».tw? __ 

227—251 

440_398 


Rays transmitted, weak but not continuous, 




to.... 

364 

274 

2 Trrm r 

Commencement in the red... 

134 



Rays fully transmitted to. 

208 

480 


Rays continuous, but weak to. 

364 

274 

1 mm. 

Commencement.... 

134 

MB 


Rays transmitted continuously to. 

364 



Rays not continuous at .. 

370 



» jj to ... 

389 



Absorption band .. 

389—433 



Spectrum ends at.. 

433 



The solution was again diluted five times; 2 c.c. were made up to 
10 c.c. 
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Thickness* 
of la} er 
of liquid, i 

Description of spectrum. 

i 

Oscillation- 

frequencies 

■Wave¬ 

lengths. 

5 mm. 

Precisely the same as with 1 mm. of the 
previous solution. 



4 mm. 

Commencement m the red. 

134 

748 


Continuous spectrum, strong to. 

353 

1 283 


„ „ weak to . 

364 

274 


„ „ ren weak to. 

389 

256 


Absorption band .. 

Ears transmitted, but not continuous to 

389—413 

256—242 


end, at.. 

442 

226 

3 mm. 

The spectrum is continuous to . 

389 | 

, 256 


Much weakened; it extends to. 

442 

226 

2 mm.l 

Spectrum becomes stronger, but is* not of 


I 

1 mm. J 

normal strength; it extends to . 

417 

223 

1 


The solution was again diluted five times, and yet 1 mm. of the 
diluted solution only transmitted the ultra-violet rays feebly beyond 
-389 (256). 

The absorption band seen in this solution between oscillation- 
frequencies 222 and 288, when 5 mm., 4 mm., and 3 mm. were 
examined, does not appear in the benzene solution of yellow chloro¬ 
phyll, but a band appears between oscillation frequencies 226 and 
246, but only at one thickness 2 mm. This might give rise to a 
suspicion that it is due to a slight admixture of blue chlorophyll with 
the yellow solution, but for the fact that, if it were, the absoiption 
band in the red would be visible along with it. 


The Specjkum oi Yellow Chlorophyll. 

Solution in Alcohol. 

It must be noted that these spectra were measured in two halves, 
1st, by the eye from A to beyond G, 2nd, by photography from F to 
beyond U. In such cases v, here the spectrum ends at about F, and 
tbe photographs show no rays between F or G and H, it is evident 
that an absoiption band occurs, because the visible and the photo¬ 
graphic spectra overlap to a considerable extent. 
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Thickness 
of layer 
of liquid. 

Description of spectrum. 

Oscillation- 

frequencies. 

Wave¬ 

lengths. 

15 mm. 

Spectrum begins in the red between A 

and B . 

Very weak absorption band, not easy to 
measure, the edges being too diffuse. 
Centre of band about C at. . 

139 

151 

i 

I - 
1 

| 710 

660 

10 mm 

Spectrum ends in the green at the B 
group, at... 

193 

518 


Spectrum begins in the red. 

Spectrum ends in the blue at. 

139 

719 


204 

490 

m 

These are photographed spectra, and there 
is a very feeble transmission of some of i 
the strong bright lines. Ill-defined ab- j 
sorption band, strong. .. ’ 

: 

193 —213 

518—467 

2 mm. 

Spectrum begins at (between E and G •).... 

1 Continued very feebly to ... 

213 

467 


226 

440 

1 

1 Absorption band, strong .j 

226—246 

440—407 

1 mm. 

Continuous weak spectrum from near E 

208 

480 


to 

3S9 

256 

5 mm. *1 
4 xmn. v 

This solution was diluted five times; 2 c.c. 

was made up to 10 c.e. | 

A continuous weak spectrum to . 

389 

256 

3 mm. J 
2 mm. 

Continuous spectrum weak to . 

433 

231 

1 mm. 

» „ strong to . 

353 

283 


„ weak to . 

442 

226 


Solution in Alcohol . Another Preparation. 


20 nuu. 

Spectrum begins in the red at.,. 

139 

719 


■Weak absorption band. 

149—152 

670—658 


Spectrum ends in the green.... 

199 

502 
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The Spectrum 01 Yellow Chlorophyll. 

Solution in Benzene . 


Thickness [ 

of layer Description of spectrum, 

of liquid. 

-!- 

Oscillation- J Wave- 
frequencies. lengths. 

15 mm. 

Red rajs commence between A and B .... 
Weak absorption band from near B to C 
Tisible spectrum ends near E in the green 

139 

144—151 
, 188 

719 

694—660 

530 

5 mm. 1 
4 utiyi- l 

3 mm. J 

No absorption from near B to 0 visible. 
Rays transmitted as far as the green, but 
all beyond absorbed. 



2 mm. 

All rays beyond the green absorbed with 
the exception of certain strong lrnes in 
the ultra-violet. 

Absorption band from near E to near M 
Spectrum weakly transmitted from be¬ 
tween K and M. 

to beyond U 

1 

1 

188—264 

2G4 

353 

580—378 

378 

274 

1 mm. 

Feebly continuous spectrum from. 

to . 

This solution was diluted fhe times; 2 c.c. 
was made up to 10 c.c. 

264 

364 

378 

274 

5 ml 
4 mm. v 
3 mm. J 
2 mm. 

The same effect as with 1 mm. above, the 
opectrum increasing in strength pro¬ 
gressively. 

Spectrum begins feebly at . 

and extends to . 

313 

370 

4(57 

270 

1 mm. 

Spectrum begins a little beyond E at. 

and extends to. 

This solution was diluted five times 5 2 c.c. 
was made up to 10 c.c. 

m 

480 

270 

5 ml 
4 mm. > 
3 mm. j 

The same effect as with 1 mm. above. 

■ 


2 ml 

1 mm. j 

Spectrum feebly visible at.. 

Continuous, fairly strong, from. 

5» 1) >n tO ... 

208 

277 

308 

480 

361 

324 
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The Spectrum op Yellow Chlorophyll. 

Solution in Ether. 


Thickness 

of layer Description of spectrum, 

of liquid. 1 

Oscillation- 

frequencies. 

Wave¬ 

lengths. 

20 mm. 

The spectrum was the same as that 
measured from the solution in benzene. 

Red rays begin between A and B. 

Weak absorption band from near B to 0 
Spectrum ends in the green near E at .... 

139 

144- 148 
188 

719 

694—670 
* 530 

5 mm. \ 
4 mm. j 

No spectrum transmitted in the f ends at 
blue, violet, or ultra-violet \ ends at 

206 

214 


3 mm. 

A faint, discontinuous spectrum, ends at .. 

221 


2 mm. 

Spectrum commences on the photographs at 

Continuation very feeble to. 

Absorption band from between F and G- 

to H. 

Rays transmitted, but not continuously, to 

213 

226 

226—251 

307 

467 

440 

440—398 

325 

1 mm. 

Weak continuous spectrum to . 

288 

346 


The original solution was diluted five times; 
2 c.c. made up to 10 c.c. 



5 mm. 

4 mm. 

3 mm. 

2 mm. 

1 mm. 

The tame effect as with 1 mm. above. 

Continuous spectrum, weak to . 

The &atne. 

Continuous spectrum, weak to .. 

Continuous spectrum, weak to . 

288 

308 

353 

325 

324 

283 


i 

This solution was diluted five times; 2 c.c. 
made up to 10 c.c. 

i 


5 mm. 

4 mm. 

3 mm. 

2 mm. 
1mm. 

The same as with 1 mm. above. 

*» »» >» 

Continuous spectrum, weak to .. 

The same. 

Continuous spectrum, weak to .. 

870 

438 

270 

231 


This solution, which originally was prepared with absolute alcohol, 
was of a deep yellowish-brown colour; it was evaporated to dryness 
in a vacuum and taken up with ether. Its brownish colour remained 
for a few days, but during examination by sunlight, it became a 
greenish-brown, later of a pale-green, and finally it became de¬ 
colorised. 

The yellow chlorophyll has an absorption band in the orange-red, 
and a very powerful absorption of all rays beyond the b group. When 
VOL. L1X. K 
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very thin layers of a dilute solution are examined, there is a powerful 
absorption band extending from b to K. The absorption band in the 
orange-red is different from either of those belonging to bine chloro¬ 
phyll, and the curves offer further evidence that the specimens of 
yellow chlorophyll were quite free from any admixture of the blue, 
because, if they had not been so, the least refrangible and most per¬ 
sistent absorption band of the latter would have been visible. It is 
only the alcoholic solutions of blue and yellow chlorophyll which are 
strictly comparable, because the displacement of the bands by the 
difference in the refraction index of the solvents interferes with the 
comparison of a solution in alcohol with one in benzene or ether even 
of the same substance. But in all three spectra there is a powerful 
band of absorption extending from the b group to K, even in thin 
layers of a weak solution. In thick layers, no rays beyond b are trans¬ 
mitted. 

It will be seen that the leading characteristics of unaltered leaf-green 
are those of blue chlorophyll , namely, an intense absorption in the red, 
somewhat stronger even than in the violet and ultra-violet. 

We learn from the absorption bands that the vibrations within the 
molecnle of the bine chlorophyll are both of the slowest and the 
most rapid, and that they are also of very great amplitude. 

The rays transmitted by leaf-green, namely, the yellow and green, 
are barely capable of any photochemical action either on silver salts 
or organic substances. Such rays, therefore, are not likely to he 
effective in decomposing carbonic acid. * 

Blue chlorophyll, judging from its chemical composition and 
its spectrum, is very probably a derivative of a benzenoid hydro¬ 
carbon. It is certainly neither a wax, a fatty acid, a carbohydrate, 
nor an albuminoid from grain, nor, in fact, any other substance derived 
from an open chain of carbon atoms. 

It has been clearly established by the experiments of Lommel, 
Timiriazeff ( Oompt. rend., 100,851), Reinke (Bot. Zeit., 1885, Nos. 5 
and 9), Bonnier and Mangin ( Compt . 3 end., 102,123), and Paul Bert 
{Oompt. rend., 87, 695), that the rays absorbed by blue chlorophyll 
are those which are necessary to plant life, and which cause plants to 
grow; and that plants die when they can get no other daylight than 
such as has passed through a weak solution of chlorophyll. 

By Regnard {Compt. rend., 101, 1293), and also Timiriazeff 
{Oompt. rend., 102, 686), it has been shown that outside the cell 
walls, a colourless substance derived from chlorophyll by the action 
of nascent hydrogen, chlorophyll is capable of decomposing carbonic 
acid when exposed to light. Regnard showed that even wool dyed 
with chlorophyll is capable of liberating oxygen from carbonic acid. 

It seems, therefore, that the molecule of chlorophyll, or one of its 
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ABSORPTION CURVE OF BLUE CHLOROPHYLL ALCOHOLIC SOLUTION 
The dotted lute indicates the curve of yellow chlorophyll. 
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transformation products, is actually capable of reducing carbonic 
acid. 

Prom the researches of Gerland and Rauwenhoff, and especially 
Reinke, it is known that leaf-green contains some aldebydic substance, 
and that formic aldehyde is constantly present in living green tissues. 
As formic aldehyde is the first product when a molecule of oxygen is 
removed from carbonic acid, 

H 3 C0 3 - 0 3 = H 3 CO, 

and as it is very easily polymerised and conveited into a sugar, its 
further conversion into starch 10(H2oCi 3 Oi 0 ) by the removal of 20 mols. 
of water is easily understood by all who are familiar with the 
chemistry of the carbohydrates. Such a course of chemical change 
is not a purely speculative one, for E. Laurent has shown that the 
etiolated shoots of potatoes, when kept in the dark, can form starch 
from glycerol, and carbohydrates of the glncose and saccharose groups. 
Moreover, a glucoside has actually been separated from chlorophyll. 
Baeyer discovered a series of substances formed by the union of 
aldebydic compounds, and particularly formic aldehyde with aromatic 
derivatives of the most diverse nature (Ber. t 5, 1094; and 6, 220). 
I have shown the probability of the chlorophylls being aromatic 
substances, and we can thus understand how they could combine with 
formic aldehyde; therefore it is quite intelligible how such a combina¬ 
tion could be split up into a sugar or starch, and chlorophyll. 

R. Sachsse supposes that chlorophyll is the first product of the 
reduction of carbonic acid, and this is itself converted by further 
change into starch and other carbohydrates. It is difficult to conceive 
of even the bare possibility of this, but there is no difficulty in recon¬ 
ciling the evidence which has led to this conclusion with facts con¬ 
sistent with a process which I have here sketched in outline. 

The first step in the reduction of carbon dioxide or of carbonic 
acid, H 2 C0 3 , is a process of dissociation, for it has been observed by 
Godlewski that in a bright light an increase of carbon dioxide in the 
air, up to 8 per cent., causes a rapidity in the formation of starch 
which is fourfold the ordinary amount. In other words, the rate of 
chemical change (starch formation) appears to be a function of the 
intensity of the light and the pressure of the carbon dioxide, and 
inversely as the pressure of the oxygen The formation of starch under 
these conditions is a photographic process, that is to say, one 
dependent on radiant energy, acting upon carbonic acid. 

Latterly, Hansen (Abstr., 1888, 867) states that the colouring 
matter of leaves absorbs carbon dioxide, and forms an unstable com¬ 
pound therewith; the absorption increases with the rise of tempera¬ 
ture and the pressure of the gas. He believes that the chlorophyll, 
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after it lias combined with tbe C0 2 , bands it over to the plasma of 
tbe chlorophyll grains. It is, however, much more probable, ou 
chemical grounds, that the compound of chlorophyll with carbon 
dioxide is entirely decomposed, first, by the elimination of oxygon, 
and secondly, by the elimination of water, so that there are succes¬ 
sively formed compounds of chlorophyll (1) with carbon dioxide; 
(2) with formic aldehyde ; (3) with glucose; and finally, starch, com¬ 
pletely formed, is split off the molecule. 

tfOTES. 

(1.) According to Draper, Sachs, Pfeifer, and Gerland,the curve of 
assimilation is in the green and yellow. Later experiments, as, for 
instance, those of Timiriazeff, show that it is in the red overlying 13. 
Paul Bert’s experiments conclusively prove that it is not in the green 
and yellow. 

(2.) When one compound enters into combination with another, the 
resulting molecule may he altogether different in its mode of vibra¬ 
tion, and become snsceptible of decomposition by vibrations to which 
it v as previously insensible; the evidence of this is afforded by 
organic bases and .their salts; thus, molecular weights of para- 
toluidine and hydrochloric acid when submitted to the action of 
rays lying between the red and extreme ultra-violet yield a spec¬ 
trum which is that of the base alone, for the hydrochloric acid haB 
no action on these rays; but when the molecules are combined, the 
spectrum is greatly modified. 

(3.) Some writers have apparently considered vibrations of great 
wave-length as vibrations of great amplitude. They are not neces¬ 
sarily so. Vibrations of great wave-length are slow vibrations, but 
they may be either of large or small amplitude. Amplitude is 
measured by the intensity of the rays . Amplitude in the vibrations 
of a molecule is measured by the intensity of the absorption of the 
rays. 

(4.) Reinke has calculated the rate of vibration of the molecule 
or of the atomic group within the molecule which causes the re¬ 
duction of carbonic acid. This is an application of the method by 
which I calculated the rates of vibration of the molecules of ozone, 
benzene, naphthalene, and anthracene. Reinke’s calculations arc to 
some extent inaccurate, inasmuch as the absorption of the ultra* 
violet rays has not been taken into account. 

(5.) It will be recollected that accoiding to* Pringsheim the func¬ 
tion of chlorophyll is merely a physical one, due to its colour. It 
acts as a screen, diminishing the intensity of the light, and thereby 
the amount of oxidation in the cell (“ Researches on Chlorophyll,” 
Quarterly J. Mier. Sci 1882,110). If this were correct, any other* 
green screen would answer the purpose, and best of all would be a 
solution of chlorophyll; but it has been shown that under such pro* 
tection plants die. 

(6.) To be strictly accurate 0 should he added to the number in 
the columns headed “ oscillation-frequencies.” W. 3ST. H. 
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XV .—The Molecular Volumes of the Saturated Vapours of Benzene and 
of its Halogen Derivatives. 

By Sydney Young, D.Sc., Professor of Chemistry, University 
College, Bristol. 

Jn a previous paper (Trans., 55, 1889, 486), an account war given of 
determinations of the molecular volumes of benzene and of its mono¬ 
halogen derivatives in tlic liquid state, and it was pointed out that 
certain simple relations are to be observed between the boiling points, 
vapour pressures, and molecular volumes of the four substances 
fluorbenzene, chlorobenzene, bromobenzene, and iodobenzene; when 
any one of these substances, however, is compared with benzene, the 
corresponding relations are not so simple. 

Briefly recapitulated, the relations between the halogen derivatives 
of benzene are as follows : — 

1. When the four substances are compared at their boiling points 
under equal pressures, these temperatures—on the absolute scale— 
and also the corresponding molecular volumes, bear a constant ratio 
to each other, whatever the pressure. 

2. The critical pressures of fluorbenzene and chlorobenzene, and in 
all probability those also of bromobenzene and iodobenzene, are equal. 

3. The relations of Van der W'aals, as regards “corresponding” 
temperatures, pressures, and volumes of liquid hold good accurately 
in the case of the halogen derivatives of benzene, but since the critical 
pressures are equal, corresponding pressures are in this case equal 
pressures. 

4. A comparison of benzene and fluorbenzene showed that whereas 
at corresponding pressures the boiling points, measured on the absolute 
scale, are far from showing a constant ratio to each other, yet when 
the molecular volumes of these substances aro compared oithor at 
corresponding temperatures or at corresponding pi’essnres, the ratios 
of the volumes are nearly constant, though the two methods of com¬ 
parison are not equivalent and necessarily give somewhat different 
results. 

It has been pointed out by Professor Ome Masson (Phil, Mag., 
November, 1890) that when the halogen derivatives of similar hydro¬ 
carbons are compared together at their boiling points under normal 
pressure, their molecular volumes bear the same ratio to each other as 
the boiling points (expressed on the absolute scale), but that inorganic 
compounds, even when closely related, do not, as a rule, exhibit such 
simple relations. 
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In a short paper published in the same number of the Phil. Mag. 
(p. 423), I showed that Orme Masson’s relation is really a special ea*e 
of a more general one which should be applicable to till substances if 
the generalisations of Van der Waals were strictly true. This rela¬ 
tion may be expressed as follows :—The molecular volumes of any 
two substances, both in the liquid state and as saturated vapour, at 
their boiling points under u corresponding ” pressures should bt* 
directly proportional to their absolute critical temperatures and in- 
■\ersely proportional to their ciitical pressures; or 

V _ * _ T 
V 'V jT 

v here Y and Y' are the molecular volumes of the liquids, v and v' 
the molecular volumes of their saturated vapours, T and T f tho absolute 
critical temperatures, and p and p the critical pressures. 

When the critical pressures are equal (as in the case of the halogen 
derivatives of benzene, and possibly also of some of the groups of 
halogen compounds cited by Orme Masson), corresponding pressures 
become equal pressures, and we then have the simple law:—Tho 
molecular volumes of the members of any group of chemically related 
compounds whose critical pressures are equal, measured at their *boxl- 
ing points under any equal pressure, are directly proportional to their 
absolute critical temperatures, aud therefore to their absolute boiling 
points under any equal pressures; or 

Y _ * _ T 
v' ~ ? - T 7 " 

The wider generalisation appears to be approximately true for tho 
liquid state for nearly related substances whose critical pressures are 
different; in the case of benzene and fluorbenzene, for instance, the 
difference between the observed and calculated molecular volumes is 
very little over 1 per cent., but considerable differences are in some 
cases to be observed when the substances are not closely related, aud 
even when the higher alcohols are compared with methyl alcohol. 

The experimental work described in the present paper was under- 
t ikea in order to find whether the relations which have been shown 
to hold good for the molecular volumes of the liquids are also appli¬ 
cable to those of the saturated vapours. 

The method employed was that recently described to the Society 
(this vol., p. 37), but, as the molecular volumes of the liquids had 
already been carefully determined, it was only necessary to measure 
the volume of liquid and of saturated vapour at each temperature 
when the whole tube was heated. 
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The ratio of the specific volume of the saturated vapour to that of 
the liquid at any temperature is given by the equation 


fr 


Y, 

Va-VV 


where Y T is the true volume of liquid, supposing ail vapour to be con¬ 
densed, and Y e and Y% are the observed volumes of saturated vapour 
and of liquid. The values of Y x were calculated fiom the molecular 
volumes previously deteimined. 

The observed values of V' T were mapped and curves drawn through 
the points; the values read from these curves, which differed, how¬ 
ever, very slightly from the observed values, were employed in the 
calculations. 

The specific volumes of the saturated vapour are given by the 
equation 8 r = r? X S L , where S x is the specific volume of the liquid 
at T°. The molecular volumes of the saturated vapours = v L = Ms r , 
where M is the molecular weight of the substance. 

Before describing the results obtained, it may be well to point out 
the chief sources of error which are likely to occur. 

1. JErro^s of Heading .—Since in the formula r T = .. Yf ._ r the 

Y r — V x 

volume ratio r T , and therefore the molecular volume depends on the 
difference between two volumes of liquid Y q and Y' T , any small erior 
in the deteiminatiou of either of these values will introduce a re¬ 
latively large error in the calculated value of the molecular volume. 
It is important, therefore, to find what accuracy in reading has 
usually been attained, and to get some idea of the influence of the 
errors of reading on the molecular volumes. 

A fair test of the accuracy attained is afforded by the determinations 
of the wi igkts of tko various quantities of liquid employed, lor the 
weights were calculated in each case from the results of volume read¬ 
ings at several different temperatures, and therefore the differences 
of the individual values from the means afford the required data. 
There are in all 47 readings, giving nine weight determinations. The 
differences of the individual weight determinations from the mean 
values correspond to errors in reading of volume, and these errors ax*e 
tabulated below. 


Number of readings. 
1 
1 
5 

40 


Table I. 

Errors in reading, 
between 0*15 and 0-2 mm. 
„ 0*1 „ 0*15 

„ 0 05 „ 0*1 

less than 0 5 mm. 


99 
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It mil be seen, therefore, that the error of an individual reading is 
rarely so great as 0*1 ’min. 

In the tables of results, I have given in each case the percentage 
error in the molecular volume corresponding to an error of 0'1 mm. in 
the reading of the volume of liquid. These columns aro headed K in 
the tables. Errors in the calibration of the tubes and in the previous 
determinations of the molecular volumes of the liquids would similarly 
affect the values of the molecular volumes of the saturated vapours. 

Effect of Air or permanent Oas in Tube .—Although the amount of 
saturated vapour in a given space is theoretically independent of the 
presence or absence of a permanent, indifferent gas, yet, in practice, 
there can be no doubt that the presence of such a gis doos influence 
the results, inasmuch as it increases the time that elapses before the 
space above the liquid becomes completely saturated with vapour. To 
take an extreme case, suppose that the whole tube is at first at a 
constant temperature, tf°, at which the vapour pressure of the liquid is 
extremely small and practically negligible; and that the tube is then 
raised to a much higher temperature, T°. Vapour will be ovolved 
from the surface of the liquid, and, the tube being very narrow, tho 
air will be driven forward and will occupy the upper part of the tube, 
the effect being at first the same as if tho tube were shortened. The 
amount of vapour evolved will therefore be too small, and if readings 
are taken too quickly, the observed volume of liquid, V' T , will bo too 
great. In course of time, the air will diffuse through the vapour, 
and if there were no other disturbing factor a correct result would 
finally be obtained; but if saturated, or nearly saturated, vapour bo 
allowed to remain for a considerable time at a constant temperature, 
there is danger of condensation taking place to a slight extent on tho 
walls of the tube, and I have observed that the presence of a per¬ 
manent gas tends to cause such condensation. Auy variations of tem¬ 
perature, even if very minute, would increase this danger. 

It is, therefore, of great importance that air should bo expelled 
from the tube as completely as possible; and, in fact, ono sot of 
observations was rendered inaccurate owing to tho incomplete 
expulsion of air. Moreover, bromobenzene appears to undergo 
slight decomposition at temperatures above 240° or 250°, a small 
amount of permanent gas being formed; and it was found that 
whereas up to 240° the readings of volume became constant almost 
immediately, at higher temperatures the alteration of volume 
did not cease until the tube had been kept at a constant temperature 
for from 10 to 20 minutes. The determinations of the molecular 
volumes of the saturated vapour of bromobenzene above 250° are also 
irregular and obviously inaccurate, a slight deviation from the curvo 
being noticeable even at 250°. 
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Effect of Impurity of Jacketing Vapour .—If the substance employed 
to heat the tube were impure, the temperature of its vapour would 
bo higher at the bottom than at the top of the tube. Such a differ¬ 
ence of temperature, even if very slight, would cause evaporation of 
liquid in the volume tube and condensation in the upper part of the 
tube. This would make it quite impossible to obtain accurate 
results, but errors due to this cause could hardly fail to be detected, 
and they were certainly absont from my results. 

Two tubes were employed in these experiments : in the first, A, the 
volume of saturated vapour was from 8 to 12 times as great as that 
of the liquid; in the second, 33, the volume of saturated vapour was 
about twice as great as that of the liquid. The volumes of liquid 
were read at 0° and at two or throe temperatures between 8° and 15°, 
and, after correction, when necessary, for the small amount of sub¬ 
stance present as saturated vapour, the weights were calculated from 
the known molecular volumes of the liquid at the observed tempera- . 
tares. The weight determinations are given in the table below. 


Substance. 

Tube. 

Temp. 

Volume of 
liquid. 

Molecular 

volume. 

■Weight. 

Fluorbenzene.... 

1 

o*o r 

*2000 

91*54 

*2093 



85 

*2020 

92*45 

*2093 



U*1 

*2025 

92-73 

*2092 


■ 

12 *3 

*2028 

92*85 

*2093 

n * • • • 

H 

14*5 

*2032 

93*08 

*2091 


■ 




Mean.. *20924 

Fluorbenzene.... 


■ 

*3809 

91-64 

*4050 



■ 

*3915 

92 65 

'4018 

t* 

1 

; 

*3924 

92-82 

•4050 

• 

■ 

u: 



Mean.. *40493 

Chlorobenzene... 


9 

•1845 

100*18 

*2067 

jl m * # 


8*25 

■1846 

100*27 

*2066 

II * * * * 


10-7 

•1850 

100*51 

*2065 

|| • * • • | 


11 *2 

•1851 

100*56 

•2065 

» *• * 


13*4 

•1855 

100*77 

•2066 






Mean.. *20660 

Chlorobenzene... 

B 

o-o° 

•8681 

99*48 

•4152 

i, »• * • 


10*8 

•8720 

100*50 

•4153 

»> ■ « • « 


11-7 

•3722 

100 *58 

*4152 

„ .... 


12*8 

•3784. 

100 *70 

•4160 

» • * • - 


14*0 

•3784 

100*81 

•4156 






Mom.. ■ 41530* 


* The observation at 12*8° was omitted in calculating the mean weight. 
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Substance. 

Tube. 

Temp. 

Volume of 
liquid. 

Molecular 

volume. 

Weight. 

Bromobenzene... 

A 

0-OP 

*2408 

102*90 

•3665 


. . . • 


9*55 

•2430 

103-76 

•3667 

s» 

.... 


11 -7 

•2432 

103*96 

-8663 

J> 

. . . . 


12*2 

•2433 

104*00 

•3663 

9* 



13-7 

•2435 

104-18 

•3662 

99 

. . . . 


14-75 

•2437 

104*23 

•3662 

9> 

.. .. 


15*35 

•2439 

104*30 

•3662 







Mean.. *36635 

Bromobenzene... 

B 

0-0° 

•3395 

102*90 

•5167 

99 

.... 


8*8 

•3422 

103-69 

•5168 

99 

. . . 


12*5 

•3434 

104*04 

■5169 

99 

.... 


14*5 

•3440 

104*21 

•5169 







Mean.* *51682 

IoJobenzene 


A 

B-0° 

•1870 

109-76 

-3466 

9) 



6*7 

•1870 

109*90 

•3461 

9* 



7*6 

•1872 

109-98 

•3463 

99 



8*2 

•1872 

110-03 

•3161 




9*3 

*1874 

110-13 

■3462 

99 



9*8 

•1875 

110-17 

•3463 

99 

• I •* 


9*8 

•1876 

110-17 

•3464 

99 

»• « • 


10*6 

•1878 

110-25 

■3464 







Kean.. *34630 

Benzene. . . 


A 

0*0° 

•1892 

86-48 

•1708 

99 ■ • • 



7*3 

•1907 

I 87-23 

■1702 

99 •• • 

m • • 9 

j 

11 *3 

•1918 

87-67 

■1708 

99 • * ■ 

.... 


13 *4 

•1921 

87-88 

•1702 

99 ••• 

.... 


14 *6 

•1023 

87-99 

•1701 







Mean.. -17022 

Benzene .... 


B 

0*0° 

‘3303 

86-48 

•8027 

99 • • • . 



6*9 

*3394 

87-19 

•3030 

it .... 



9*5 

*3403 

87-46 

‘3029 

99 ■ • *• 



10*6 

*3407 

87-67 

•3028 

99 *••• 

■■ • * i 


12 0 

*3413 

87-73 

■3028 


1 





Mean. . *30284 


The actual determinations of the molecular volumes of the 
saturated vapours are given in the following tables. The data given 
are— 


T. The temperature of the tube. 

Vc. The observed volume of vapour. 

V T . The true volume of liquid, supposing all vapour to be con¬ 
densed. These values were calculated from the known 
specific volumes of the liquids. 
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V' T . The observed volume of liquid. 

r T . The ratio of the specific volume of saturated vapour to that of 
liquid at T°. 

v T . The molecular volume of the saturated vapour at T°. 

E. The percentage error corresponding to a hypothetical error of 
0‘1 mm. in the reading of volume. 


Vc. 

Vt. 

mm 


VT. 

E. 

C.C. 

e.c. 

mm 

C.C. 

p.c. 


Fluorbenzene. Tube A. 


80 

2-3374 

•2204 

•2133 

329*0 

33200 

3-1 

00 

2-3377 

•2?34 

•2138 

244 *0 

21900 

2-3 

100 

2-3383 

*22GG 

*2139 

184*0 

19100 

1-8 

110 

2-3393 

•2299 

*2132 

140-0 

14760 

1-3 

120 

2-3418 

•2355 

•2117 

107*5 

115(10 

1-0 

130 

2-3418 

•2374 

•2093 

83-5 

9070 

0-8 

140 

2-3490 

*2114 

•2038 

66 -0 

7290 

0-6 

150 

2-3344 

•2456 

•2010 

52-8 

6940 

0*5 


Fluorbonzene. Tube B. 


130 

•8883 

•4694 

•4486 

82 -30 

8940 

8-5 

140 

•8839 

•4672 

•4534 

64-10 

7080 

2-7 

150 

*8794 

•4763 

•4582 

51 *40 

5780 

2-2 

160 

•8749 

•4841 

•4631 

41 *70 

4770 

1-8 

170 

•8704 

•4936 

•4080 

34-00 

3970 

1-5 

180 

•8659 

•6038 

•4 28 

27*95 

3330 

1 2 

190 

•862L 

•6153 

*4770 

22*30 

2743 

1-0 

200 

•8583 

•8277 

•4811 

18 -42 

2300 

0-8 

210 

‘8548 

•6415 

•4849 

15 -10 

1935 

0-7 

220 

•8519 

•5578 

•*1882 

12 *33 

1620 

0-6 

230 

*8501 

•6756 

•4JK)3 

9 -98 

1359 

0-5 

210 

•8192 

•69MJ 

•4916 

8*09 

1141 

0-4 

250 1 

•8503 i 

•6228 

•4908 

6*44 

949 

0*3 

260 

•8548 

•6306 

•4806 

5*03 

781 

0-2 

270 

•8681 

•7057 

*4731 

3*74 

G24 

0 2 

275 

•8838 

•7414 

•4582 

3*»2 

517 -5 

o-i 

280 

•9172 1 

■7891 

•4219 

2*32 

470-2 

o-i 


Chlorobenzene. Tube A. 


130 

2*4297 

•2099 

•2015 

289-0 

33000 

2-6 

140 

2-4303 

•2125 

•2017 

225 *0 

26000 

2*0 

150 

2*4312 

•2152 

•2015 

177 -0 

20700 

1-6 

160 

2 *4328 

•2179 

•2006 

141-0 

16600 

1*3 

170 

2-4351 

•2208 

•1990 

112 *0 

13400 

1*0 

180 

2-4380 

•2239 

•1968 

90-0 

10900 

0*8 

190 

2-4417 

•2272 

■1938 

73-1 

9020 

0-6 

200 

2*4464 

•2307 

•1897 

59 -7 

7480 

0-5 

210 

2-4529 

•2344 

•1839 

48-6 

6180 

0*4 
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Ye. 

Vt. 

1 

rr. 

MM 

E. 


mM 

mm 

II 

p.c. 


Chlorobenzene. Tube B. 


160 

•9050 

•4381 

•4317 

141*00 

16700 

5*9 

170 

•9010 

•4439 

•4360 

114*00 

13700 

4-9 

ISO 

•8971 

•4501 

•4403 

91 *00 

11100 

3*9 

190 

•8931 

•4567 

‘4416 

74*00 

9100 

3*2 

200 

•8892 

•4637 

•4489 

60*00 

7500 

2*6 

2 10 

•8853 

•4712 

•4531 

49-00 

6200 

2 1 

220 

*8816 

*4790 

•4572 

40 50 

5250 

1*7 

231 

•8777 

*4875 

•4614 

33 -60 

4430 

1-5 

240 

•8740 

* 4968 

*4654 

27 *80 

3740 

1*2 

250 

•8705 

■5068 

•4693 

23*20 

3180 

1-0 

260 

•8674 

*5179 

•4727 

19*20 

2680 

0-8 

270 

•8645 

•5301 

•4759 

15-95 

2280 

0*7 

27 6 

•8031 

•53 >9 

•1772 

14-45 

2100 

0*7 

26 0 

•8622 

•3410 

•4786 

13-18 

l 1938 

0*6 


Bromobenzene. Tube A. 


160 

2-2380 

•2819 

170 

2 *2978 

*2852 

180 

2 2 980 

•2886 

190 

2-2987 

•2922 

200 

2-3000 

•2960 

210 

2*3015 

-3.KJ0 

220 

2-3039 

•3042 

230 

2-3071 

■3087 

210 

2-3115 

•3134 


*2726 

247-0 

29800 

2-4 

■2735 

196 -0 

23900 

1-9 

2740 

157 -0 

19400 

1*5 

2710 

126-0 

15800 

1 2 

•2734 

102 0 

12900 

1*0 

2725 

83 -7 

10700 

0-8 

2708 

69-0 

8970 

0-7 

2683 

57*1 

7540 

0-5 

•2615 

47-3 

6330 

0-4 


Bromobenzene. Tube B. 


190 

•9511 

•4123 

200 

•9479 

*4176 

210 

*9447 

‘4232 

220 

-9414 

•4292 

230 

•9383 

•4354 

240 

•9355 

•4421 

250 

*9330 

•4491 

260 

•9308 

•4569 

270 

*9'90 

•4653 

280 

•9272 

•4746 


•4049 

129*0 

16100 

5*1 

;4085 

104-0 

13200 

4*2 

•4120 

84-0 

10800 

3*4 

•4157 

70-0 

9070 

2*8 

•4191 

57-5 

7600 

2-3 

•4223 

47-2 

6330 

1*9 

•4251 

38-9 

5290 

1*6 

•427G 

31 -8 

4100 

1*3 

•4298 

26*2 

3700 

1*1 

•4319 

21 -7 

3120 

0*9 


Iodobenzene. Tube A. 


190 

2-8756 

■2214 

200 

2-3759 

*2239 

210 

2-8766 

•2264 

220 

2-3779 

•2290 

230 

2-8796 

•2317 

240 

2-8816 

•2345 

250 

2-8845 

•2375 

260 

2-8885 

•2407 

2?0 

2-S9.i2 

•2441 

280 

2-3937 

•2478 


•2124 

264-0 

34300 

2*5 

•2127 

212 0 

27900 

1*9 

•2126 

172-0 

22900 

1*6 

•2121 

341 -0 

18900 

1*3 

•2111 

115-5 

15700 

1-1 

*2097 

96-0 

13200 

0-9 

*2074 

79-2 

11050 

0*7 

•2041 

65-3 

9230 

0-6 

*2000 

54-3 

7780 

0*5 

*1952 

45-6 

6040 

0-4 
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Vc 


— 

**T. 

t>T. 

E. 

c.c. 

pspi 

Bfl 

C.C. 

p.c. 


Benzene. Tube A. 


80 

2*3875 

*2090 

•2010 

298*0 

28500 

2*8 

90 

2*3881 

*2118 

*2012 

225 0 

21800 

2 0 

100 

2*3894 

*2148 

*2007 

109*0 

16600 

1-6 

110 

2*3910 

*2180 

*1995 

129 0 

12900 

1*2 

120 

2 3938 

*2214 

*1975 

100 0 

10100 

0-9 

130 

2*3972 

*2249 

*1947 

79 -4 

8160 

0*7 

140 

2*4021 

•2288 

*1905 

62-7 

65eo 

0-6 

150 

2 *4082 

•2328 

*1851 

50*5 

5370 

0*5 


Benzene. Tube B. 


140 

•9153 

•4070 

•3926 

63 *60 

6650 

2*6 

150 

•9119 

•4142 

•3963 

50*90 

5420 

21 

100 

■9080 

*4215 

*3999 

42*10 

4560 

1*8 

170 

•9057 

*4296 

*4032 

34-30 

3790 

1-4 

180 

•9031 

*4395 

*4061 

27-90 

3140 

1*2 

190 

•9011 

*4491 

*4085 

22-70 

2620 

10 

200 

*8997 

*4585 

*4102 

18 65 

2195 

0*8 

210 

•8989 

•4703 

•4113 

15*23 

1812 

0*6 

220 

*8989 

*4838 

•4117 

12-47 

1550 

0 5 

230 

*9003 

•4994 

*4107 

10-15 

1303 

0*4 

240 

*9038 

•5170 

*4075 

8-21 

1092 

0-3 

250 

*9107 

•5399 

•4009 

6-55 

909 

0-2 

260 

*9229 

•5684 

■3890 

6-14 

751 

0*2 

270 

9494 

•6070 

*3629 

3-88 

606 

0*2 

275 

*9727 

•6341 

*3397 

3-30 

538 

0*1 

279-65 

1 0117 

•6676 

•3009 

2-7C 

473 

0*1 


The molecular volumes of saturated vapour do not lend themselves 
to graphical representation; but the logarithms of those values, 
mapped against the temperature, give serviceable curves. These 
wore accordingly drawn, and the smoothed values for each 10° read 
off. They are given in the following table :— 
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Molecular Volumes of Saturated Vapours from Guides. 


Temp 

Fluor- 

benzene. 

1 Cliloro- 
1 benzene. 

Bromo¬ 

benzene. 

Iodo- 

benzene 

Benzene. 

80° 

33200 

_ 

_ _ 

r .. 

28600 

90 

25000 

— 

— 

— 

21800 

100 

19000 

— 

— 

— 

16800 

110 : 

14700 

— 

— 

— 

12900 

120 

11500 

— 

— 

— 

10200 

130 

9080 

32900 

— 

— 

8180 

140 

7250 

26000 

— 

— 

6630 

150 

5860 

20800 

— 

— 

5420 

160 

4810 

16600 

29800 

— 

4490 

170 

3970 

13500 

23900 

— 

3730 

180 

329) 

11000 

19400 

— 

3130 

190 

2740 

9050 

15800 

33800 

2615 

200 

2290 

7480 

13000 

27800 

2195 

210 

1928 

6210 

10800 

22900 

1850 

220 

1622 

5230 

8950 

19000 

1552 

230 

1361 

4410 

7530 


1302 

240 

1140 

3740 

6310 


1091 

250 

950 

3170 

5350 


910 

260 

781 

2690 

457U 

9250 

650 

270 

624 

2280 

3900 

7810 

705 

280 

471 

1940 

i 

3300 

6620 

469 


These values agree very well with those observed with the excep¬ 
tion of the volumes of bromobenzene at temperatures above 250°, 
These were inaccurate, for reasons already stated (p. 128), and tho 
curve above 250° was therefore extrapolated. The error at 280 5 
amounts to 5’5 per cent. 

The molecular volumes of the saturated vapours at the boiling 
points of the substances under “ corresponding ” pressures (which, 
for the halogen derivatives, are equal pressures) were then read from 
the curves, and are given in the following table :— 









Pressures. Temperatures. Molecular volumes of saturated vapour. 
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From previous results with the liquids j diiect readings. 
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The ratios of the molecular volumes at corresponding pressures 
are given in the table below. 


Baths of Molecular Volumes of Saturated Vapours at Corresponding 

Pressures* 


Pressures. 

Ratios. 

00 
© 
a 5 

0» 4J 

bD <3 

£ t 

3 3 

Benzene. 

O'fa 

w>: 

0,0 

»|f» 

Old 

M "ft 

°i° 

P 

s 

& 

c? 

op 

d|d 

n 

1000 

1073 

1*105 

1-145 

1-235 

1-033 

1-120 

1-080 

0-925 

1500 

1610 

1-125 


1-270 

1-035 

1 130 

1-095 

0 925 

. 2000 

2146 

1-135 


1-280 

■BihiI 

1-130 

1*090 

0-930 

3000 

3220 

1-145 

1-195 

1-295 

1-045 

1-130 

1-086 

0-945 

4000 

4293 

1-145 


1-295 

1-045 

1-130 

1-080 

0*065 

5000 

5366 

1*140 

1-193 

— 

1-045 

— 

— 

0-935 

6000 

6439 

■Bglil 

1*195 

— 


— 

— 

0-955 

8000 

8586 

1-143 

■rarei 

— 


— 

— 

0-965 

10000 

10732 

1-140 

— 

— 

— 


— 

— 

0-966 

12000 

12S79 

1-130 

— 

— 

— 


— 

— 

0-955 

15000 

16098 

— 

— 

— 

— 


— 

_ 

0-945 

20000 

21464 

— 

— 

— 

— 


— 

. — 

0-943 

25000 

26831 

— 

— 

— 

— 


— 

_ 


30000 

82197 

— 

— 

— 

— 


— 

__ 

0-945 

33J12 

3G395 

— 

— 

— 

— 


— 

— 

0-940 

Mean ratios .. 

1-140 

1-195 

1-290 

1*046 

1-130 

1-085 

0*949 


With the exception of the comparisons at the lowest pressures, 
it is evident that the molecular volumes of the saturated vapours 
bear an approximately constant ratio to each other at all corre¬ 
sponding pressures. In calculating the mean ratios, the results at 
loOO and 1500 mm. have been omitted on account of the relatively 
large errors involved in their determinations. 

It has been already pointed out that if Van der Waals’ gener¬ 
alisations were strictly true, the following relation should hold 
good:— 

Y = v __ T_ p 

Y i 1 T '*p' 

Or in the case of the halogen derivatives of benzene, the critical 
pressures of which are equal, the simpler relation 

Y _ v _ T 

Y ~v’~V' 

In the following table, the mean ratios of the observed molecular 
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volumes, both of the liquids Y/V' and of the saturated vapours u/a, 
are compared with those calculated from the above formulae. In the 
case of the halogen derivatives, the ratios T/T' are the mean ratios of 
the boiling points (on the absolute scale) at equal pressures. For 
benzene and fluorbenzene, the absolute critical temperatures are taken. 


Substances compared. 

I 

T ®' 
t’jp * 

Mean ratios of molecular 
volumes at corresponding 
pressures. 

Liquids. 

Saturated vapours. 

C 6 H 5 C1/C 6 H,F. 

1*1308 

___ 

1*1241 

1-140 

OsHjBr/CgHjF .. 

1*1974 

— 

1*1800 

1-195 

e 6 H 5 r/c 6 H 6 F . 

1*2881 

— 

1*2772 

1-290 

0 6 ff 5 Br/C 6 H 6 01. 

1-0389 

— 

1*049 L 

1*046 

CW/C.H.Ul. 

1 *1394 

— 

1*1359 

1*130 

CeHfil/Ce.HsBr. 

1*0760 

— 

1 *0824 

1-085 

C,U # /C # U 5 b’. 


0*9351 

0*9435 

0-919 


It will be seen that the three ratios are in each case approximately 
equal, the greatest differences being between the ratios of the 
molecular volumes of liquid and saturated vapour in the first com¬ 
parison, and between the ratio of the molecular volumes of the 
saturated vapour and the value T/T' X p'[p in the last. Both these 
differences arc, however, uuder 1*5 per cent. 

In conclusion, it may be pointed out that—assuming the truth 
of Van der Waals’ generalisations—the ratio of the actual density 
of the saturated vapour to the theoretical density (£ molecular 
weight) should be the same for all stable substances at their boil¬ 
ing points under corresponding pressures. 

For the vapour density of a sabstance is the ratio of its wnight to 
that of the same volume of hydrogen at the same temperature and 
pressure; and if for any saturated vapour the volume taken (in c.c.) 
is the molecular volume (v), then the weight of substance will be its 
molecular weight M (in grams). Calling the boiling point on the 
absolute scale T and the pressure p, we have 

M 

Density of saturated vapour =-‘-m- 

0-0000896 x » x ^ X 

and since the theoretical vapour density = M/2, the ratio of the 
actual to the theoretical vapour density will be 

■d- 2x 760 w T _ T 
0*0000896 x 273 vp vp 


VOL. LIX. 


L 
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For any other substance at its boiling point under the corresponding 
pressure j p', the ratio of the actual to the theoretical vapour density 

is R' = c -7-7-. 

vp 

But it has been already shown that for any two substances at 
corresponding pressures p and p 1 


v 

v 


T p 
T' 'p 


= sw . or 


T T' 

— =—- • therefore It = R/. 
vp vp 


As this is a very convenient method of comparing the saturated 
vapours of different substances,'I have calculated the densities of the 
saturated vapours at the “ corresponding ” pressures which have 
already served as the basis of comparison, and also the ratios to the 
theoretical vapour densities. 

The results are given in the table (p. 138) :— 

At pressures above 1500 mm. there is a remarkably close agree¬ 
ment between the four halogen derivatives : the larger differences in 
the ratios at the lowest pressures may be duo, in part at any rate, to 
errors of experiment. With regard to benzene and fluorbenzene, the 
general agreement throughout, even including the direct observations 
at the critical points, is very striking; the differences, however, which 
reach a maximum of nearly 4 per cent, at a pressure of 8000 mm., 
cannot be explained by experimental errors, and are certainly real. 

The results obtained may be summarised as follow:— 

1. The molecular volumes of the saturated vapours of benzene and 
its halogen derivatives bear an approximately constant ratio to each 
other at all “ corresponding ” pressures. 

2. The molecular volumes of the saturated vapours of these sub¬ 
stances at their boiling points under “ corresponding ” pressures are, 
approximately, directly proportional to their absolute critical tempera¬ 
tures, and inversely proportional to their critical pressures. 

3. The ratios of the actual densities of the saturated vapours (com¬ 
pared with hydrogen at the same temperature and pressure) to tlio 
normal vapour densities (■£ molecular weight) are approximately equal 
for these substances at their boiling points under “ corresponding ” 
pressures. 

4. The critical pressures of the halogen derivatives being equal, 
u corresponding ” pressures are equal pressures. For these substances 
the deviations from constancy are small, and may be due to errors of 
experiment. In the comparisons of benzene with fluorbenzene, how¬ 
ever, the deviations, though not very great, are certainly not entirely 
due to experimental error. 

The first two relations have already been found to hold for the 
molecular volumes of the liquids. 
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XVI .—The Action of Ammonia and of Methylamine on the Oxylepiden s. 


By Felix Klingemarn, Ph.D., and W. F. Latcock, Ph.D. 


The constitution of the so-called oxylepidens discovered by Zinin has 
been settled of late by the researches of Magnanini and Angeli 
(iter., 22, 858), and of Japp and Klingemann (Trans., 1890, 6(55), 
Magnanini and Angeli have found that “ acicular oxylepiden 99 has 
C 6 H 5 .C=C-C 6 H 5 


the constitntion 


O b H s -CO 00-C 8 H 6 ’ 


and it may, therefore, be called 


dibenzoylstilbene. It is changed by heating into u tabular oxy¬ 
lepiden,” which, according to Japp and Klingemann, is to be regarded 

as tetraphenylcrofcolactone, We shall, 


in this 


\/ 

O 


paper, employ, in place of Zinin’s provisional names, “acicular 
oxylepiden ” and “ tabular oxylepiden,” the systematic appellations 
dibenzoyhtilbene and tetraphenylcrotolactone. 


Part I.—Theoretical. 

Japp and Klingemann have pointed out the striking analogy 
between a^-dibenzoylcinnamene and dibenzoylstilbene. Both com¬ 
pounds are changed into anhydrides of 7 -ketonic acids by heating, 
the former yielding triphenylcrotolactone, the latter tetraplienyl- 
crotolactone. By the action of alcoholic ammonia on a/?-clibonzoyl- 
cinnamene, the same authors obtained a compound of the iormula 
CaHnJSTO, which on heating is changed into an isomciido As the 
latter is also produced by the action of alcoholic ammonia on tri phenyl - 
crotolactone, in this case without the formation of auy intermediate 
product, they assigned to it the constitution of a lactam of benzoyl- 
dipbenylpropionic acid. Methylamine acts in a slightly different 
way; with «£-dibenzoylcinnamene, it yields, at once, the methylated 
lactam of benzoyldiphenylpropionic acid, whilst with rriphenylcroto- 
lactone, it forms at first an additive compound, the metliylamide of 
the same acid, which on heating parts with the elements of water and 
yields the methylated lactam. 

In order to show that the great analogy existing between a 0 -di- 
benzoylcinnamene and dibenzoylstilbene also holds good in their 
behaviour towards ammonia and primary amines, we have made expe¬ 
riments with this object and have found that in this case also the 
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parallelism of the reactions of the two unsaturated 7 -dikctones is 
nearly complete. 

By the action of alcoholic ammonia on dibenzoylstilbene, two com¬ 
pounds are obtained of the formula C M H 2 iN' 0 , melting at 180—182° 
and at 206—207° respectively. The one of lower melting point is 
changed by heating into the higher melting modification, and the 
latter is also obtained by the action of alcoholic ammonia on 
tetraphenylcrotolactone. 

Methylamine reacts with dibenzoylstilbene with elimination of 
water, forming the methyl-substituted lactam of benzoyltriphenyl- 
propionic acid. Tetraphenylcrotolactone unites directly with methyl- 
amine, yielding the methylamide of benzoyltriphenylpropionic acid. 
This methylamide, when distilled in a vacuum, parts with water, and 
yields the methylated lactam of bcnzoyltripheiiylpropionic acid. The 
two preparations of this lactam obtained by these processes show 
slight differences in melting point and solubility; their crystal- 
lographical properties also seem quite different. We do not, how¬ 
ever, regard them as chemically different compounds, but only as 
dimorphic modifications of the same compound; wo have the more 
reason to suppose this view to be correct as the alkyl-substituted 
lactams of benzoyldiphenylpropionic acid also very frequently exhibit 
polymorphism. 

As regards the constitution of these compounds, we think it 
most probable that the ammonia derivative melting at 206—207° 
and the methylated lactam are to be regarded as corresponding com¬ 
pounds, the constitution of which may be represented by the 
formulae 


(C G H 5 ) a C-C’CeHs 

CO OC„H, 
\/ 

NH 

Ammonia derivative 
Cm. p. 206—207°). 


. (0»H 6 )iC— 

aud bo 


-Q'CeH, 
M 


0*0(,Hj 

Methylnmine dmvafiw* 
(m. p. 158° and 101°). 


We adopt for these compounds the same nomenclature as that usod 
by Japp and Klingemann for the corresponding derivatives of tri- 
phenylcrotolactone. Thus the ammonia derivative would be 3-tfr- 
phenylA: 5-phenylpyrrholone and the methylamine derivative 1 -me- 
thyLS-diphewyl-4i : ylpyrrho lone. 

The addititve compound of tetraphenylcrotolactone and methyl¬ 
amine is to be regarded as the methylamide of benzoyltriphenyl¬ 
propionic acid. The constitution of 7 -ke Ionic acids has lately been the 
subject of much discussion. Whilst they are generally believed to bo 
true acids, Bredt has suggested ( Annalen , 256,314) that in many cases 

n 2 
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they react as if they had the constitution of 7 -hydroxylactones. In the 
case of lsevulinic acid, he has shown that the chloride, the cyanide, and 
the acetyl compound of this acid react with phenylhydrazine with 
elimination of hydrogen chloride, hydrogen cyanide, and acetic acid 
respectively, forming the hydrazide of phenylhydrazonelssvulinic acid. 
This leads him to consider these three compounds as derivatives of 
OH CHo-CH 

the 7 -hydroxy lactone qj£> C S (jq * * n ^ ou P 

is replaced by the acid radical. Should Bredt’s view be correct our 
methylamide would have the constitution— 

C «H 5 c H( 06 H,)-0(C e H 5 ), 

OHi-HBT N)-00 

whilst if we regard 7 -ketonic acids as true acids, the constitution of 
the same compound would be expressed by the formula 

C 6 H 6 -C0-CH(C 6 H 6 )-0(C 6 H 5 ) 2 -C0-]m*0H3. 

The last formula seems to express better the property the com¬ 
pound has of yielding methyltetraphenylpyrrholone with elimination 
of water when subjected to a high temperature. 


Bart II.— Experimental. 

Action of Alcoholic Ammonia on Dibenzoylstilbene. 

Dibenzoylstilbene was heated in a sealed tube with a large excess 
of alcoholic ammonia at 200° for five hours. On standing, the 
solution deposited small, square plates, and the addition of water to the 
mother liquor from these produced a voluminous yellow precipitate. 
The plates were recrystallised several times from alcohol; after the 
second recrystallisation, they melted constantly at 206—207°, and 
were of a pale-yellow colour; 4 grams of the crystals wore obtained 
from 20 grams of dibenzoylstilbene. Analysis showed that the com¬ 
pound has the formula CasHgiNO. Its formation is expressed by the 
equation 

CssHsqOs 4* NH 3 = HgO. 

I. 0-2187 gram substance gave 0*6971 gram CO* and 0*1087 gram 

HgO. 

IT. 0*1178 gram substance gave 9*02 c.c. dry NT at 17° and 
298 mm. 
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Calculated for 


Found. 



( - 

s 

£ 

II. 

028 • • • 

... 336 

86-82 

86-92 

— 

H*i.•. 

... 21 

5-43 

5-52 

— 

N .... 

... 14 

3-62 

— 

3-55 

O .... 

.... 16 

4-13 

— 

— 


387 

100-00 




The yellow precipitate from the mother liquors was dried on filter 
paper and was divided by fractional crystallisation from benzene into 
two portions melting at 185—190° and at 178—180° respectively. The 
former consisted mainly of the substance described above crystallising 
in plates; the latter was purified by repeated recrystallisation from a 
mixture of benzene and light petroleum, and finally from benzene 
alone. The pure substance separates from this solvent in hard crusts 
of yellow, prismatic crystals melting at 180—182°. Analysis shows 
it to be an isomeride of the substance described above. 


I. 0*1475 gram substance gave 0*4707 gram CO* and 0*0738 
gram H^O. 

II. 0*1798 gram substance gave 0*5725 gram GO* and 0*0905 
gram H*0. 


III. 0*1352 gram substance gave < 


(dry H + HO 9*02 c.c. at 19° 
and 407 mm, 

dry N 902 c.c. at 19*5° and 
390 mm. 


Calculated for 


Found. 



0*H ai NO. 

_ -k _ 

£ 

A _ 

IL 

./V 

III. 


f 

•.•* 336 

-\ 

c„ . 

86-82 

87-03 

86-83 

— 

H„. 

.... 21 

5-43 

H-R 5 

5-59 

— 

1ST. 

.... 14 

3-62 

- - 

— 

4-10 

O. 

.... 16 

4-13 

— 

— 

— 


387 

100-00 





By heating this substance to 310°, it is changed into the modification 
of higher melting point; we heated a specimen of the pure sub¬ 
stance in a bath of diphenylamine vapour for about ten minutes, and 
recrystallised the fused substance from alcohol; it separated in square 
plates melting at 206°. In spite of the rather deep yellow colour of 
the compound, we analysed it, as the small amount at our disposal 
renderod further purification impossible. 
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L 0-1128 gram substance gave 0-3597 gram CO* and 0-0577 gram 


UsO. 

II. 0"0998 gram substance gave J 


dry N +NO 9-02 c.c. at 21° anci 
291 mm. 

dry N 9*02 c.c. at 21° and 
274 mm. 


Calculated for 
CssHsxNO. 

__A_ 


Cjs . 336 86-82 

H*i. 21 5-43 

1ST. 14 3-62 

O . 16 413 


387 100-00 


Found. 

{. k ~~lL 

87-35 — 

5-70 — 

— 3*91 


This compound corresponds with dibenzoyloinnamenimide, obtained 
by Japp and Klingemann by mixing the alcoholic solutions of 
ammonia and dibenzoylcinnamene. It is converted by heating into 
the lactam of benzoyldiphenylpropionic acid (triphenylpyrrholone). 
In the same way our compound, which we will call dibenzoyl- 
stiibenimide, on heating yields the lactam of benzoyltriphenyl- 
propionic acid (tetraphenylpyrrholone). That the compound melting 
at 207° has really the constitution of tetraphenylpyrrholone is shown 
by the following reaction. 

Action of Alcoholic Ammonia on Tetrajplienylcrotolactone. —Tetra- 
phenylcrotolaetone was heated with an excess of alcoholic ammonia 
for four hours at 200°. The solution on cooling deposited a sub¬ 
stance crystallising in square plates. After repeated crystallisation 
from alcohol, the melting point became constant at 206—207°. This 
substance was identical in every respect with the higher molting sub¬ 
stance obtained from alcoholic ammonia and dibenzoylstilbono. It 
has the formula C^aiNX), and is therefore formed according to the 
equation 


(C a H 5 ) 2 C—C*C 6 H 6 
CO C-C 6 H 6 
\/ 

0 


+ nh. 


(0 6 h 5 ) 3 c—C‘C 6 h 6 

CO C-C.H, + 

\/ 

NH 


H*0. 


The systematic name would be S-dijjhenyM : $-phmylpyrrhol<me. 
The yield is very satisfactory. On anaylsis, it gave the following 
results:— 

I- 0*1444 gram substance gave 0*4611 gram C0 3 and 0 0707 
gram H 2 0. 
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II. 0*2505 gram substance gave 0 7968 gram C0 2 and 0*1166 
gram H a O, 


III. 0*1113 gram substance gave 


TV. 0*1176 gram substance gave < 


dry N +NO 9 02 c.c.at 19*5° 
and 270 mm. 

dry N 9 02 c.c. at 19*5° and 
266 mm. 

dry N -f- NO 9*02 c.c. at 16° 
and 314 mm, 

dry N 9*02 c.c. at 16° and 


L 290 mm. 


Calculated for 
CasH^NO. 

__ K -_, 


C». 336 86-82 

Hu. 21 5-13 

N. 14 3-62 

0. 16 413 


387 UK) 00 


Found. 

*■_ 

i7 ir. hi. iv. 

87-08 86-74 — — 

6-44 6-17 — — 

_ _ 3 34 8-61 


Jbedvdion of Tetraphenylpyrrholone. —3*8 grams of the compound 
were dissolved in boiling amyl alcohol and reduced with 4 grams of 
sodium. After agitating with water to remove the alkali, the amyl 
alcohol was boiled off, at first at the ordinary pressure, then in a 
vacuum on the water-bath. The brown, crystalline residue was re- 
crvstallised thrice from alcohol, and was thus obtained in the form of 
slender, light-brown needles, melting at 287°. Analysis showed the 
compound to have the formula C^H^NO. 


I. 0*1860 gram substance gave 0*5870 gram CO* and 0*1004 
gram H a O. 

II. 0*1611 gram substance gave 0*5092 gram CO* and 0*0868 
gram H a O. 


III. 0*1177 gram substance gave < 


dry N + NO 9*02 c.c. at 19 5° 
and 300 mm. 

dry N 9*02 c.c. at 19*5 rt and 




l 

286 mm. 




Calculated for 


Found. 



C»H*NO. 

/-A"-1 

L 

II. 

ID. 

c*. 

.... 836 

86-38 

86*07 

85*93 

— 

Hm. 

.... 23 

5-91 

5*99 

5*96 

— 

N. 

.... 14 

3-60 

— 

~ 

3*46 

O. 

.... 16 

4-11 

— 

_ 

— 


389 190 00 
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This compound is formed, therefore, from tetrapbenylpyrrholone 
by the addition of 2 atoms of hydrogen. It is to be regarded as a 
S-diphenylA : S-phenylpyrrkolidone, having the constitution 


(0 6 H 6 ) 3 0—ch-c 6 h 5 
CO CH-C.H.’ 

"nh 


Action of Methylamine on Dibenzoylstilbene . 

Six grams of dibenzoylstilbene were heated in a sealed tube with ail 
excess of alcoholic methylamine for two hours to 200°. From the 
concentrated solution, a yellow, crystalline compound separated on 
standing. This was recrystallised from alcohol, and separated from 
the concentrated solution in tufts of light-brown needles melting at 
157°, The yield was good, 4*3 grams of recrystallised substance 
being obtained, and 1 gram of less pure substance from the mother 
liquors. As this specimen did not give sufficiently sharp figures 
ou analysis, it was once more recry stall ised first from a mixture 
of benzene and light petroleum, from which it separated in yellow 
nodules, and then from boiling alcohol, from which it crystallised 
in small, thin plates of an asymmetrical shape; the colour was a very 
pale yellow, and it melted at 161°, Analysis showed that the com¬ 
pound had the formula CagH^NO. It had consequently been formed 
according to the equation 

CaaHgoO, + N H*-CH S = CogH-aTSTO + HA 


I. 0-2194 gram substance gave 0*6956 gram C0 2 and 0-1127 gram 
HA 


f dry N + NO 9-02 c.c. at 22-5° 
II. 0*1297 gram substance gaveJ mm. 

| dry N 9*02 c.c. at 22*5° and 
L 350 mm. 


Calculated for Found. 

CggH^NO. ,-a- 


r -*-\ L II. 

C». 348 86*78 86*46 — 

. 23 5*74 5*70 — 

^. 14 3*49 — 376 

0. 16 3*99 — _ 


401 100*00 

It is fairly soluble in boiling alcohol, extremely so in cold benzene, 
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and readily in carbon bisulphide; from the last solvent, it separates 
iu yellow, well-shaped, tabular crystals. 


Action of Methylamine on Tetraphenylcrotolactone. 


12*5 grams of tetraphenylcrotolactone were heated with an excess 
of alcoholic methylamine for one hour at 100°. A crystallised pro¬ 
duct was obtained. This was extracted with boiling alcohol, which 
dissolved the greater part of it, leaving 3 5 grams of a sparingly 
soluble compound undissolved. The alcoholic solution deposited 
7 grams of a crystallised product, which was again treated with 
alcohol. 6*7 grams of the sparingly soluble compound was left, the 
rest separating from the filtered solution in plates melting at 134°.'* 
This soluble compound was therefore only unchanged tetraphenyl¬ 
crotolactone. The sparingly soluble compound was recrystallised 
from boiling glacial acetic acid, from which it separated in small, 
lustrous plates of a triclinic shape melting at 260°; by repeated re¬ 
crystallisation, the melting point was raised to 267°. In a second 
experiment also, we found that a great part of the tetraphenylcroto¬ 
lactone was left unchanged, although a fair excess of methylamine 
had been used, and the reaction had been carried on at 150°. Analysis 
gave figures agreeing with the formula of an additive compound of 
methylamine and tetraphenylcrotolactone, 

I. 0 2285 gram substance gave 0 6921 gram C0 2 and 0T214 gram 
H a O. 

II. 0*2044 gram substance gave 0 6222 gram C0 2 and 0*1105 gram 
H.O. 


III. 01435 gram substance gave 


"dry N + NO 9*02 c.c. at 22° 
and 367 mm. 
dry N 9*02 c.c. at 22° and 334 
mm. 


Calculated for 


Found. 



--*-N 

f. 

TI 

III. 

C®o.. 

.... 348 

83-05 

82 03 

83*02 

— 

H 35 . 

.... 25 

5-97 

5-90 

6*00 

— 

1ST. 

.... 14 

3-34 

— 

— 

3 36 


.... 32 

7-64 

— 

— 

— 


419 

100-00 





We regard this compound as the methyl amide of benzoyltriphj?»yl- 
propionic acid* having probably the constitution 

C 6 H 6 -CO*0H(05H 6 )-0(0 6 H 6 ) a *OO*NH-0H8. 


* A qualitative test showed the absence of nitrogen. 
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In a perfectly analogous manner, tr iphenylcrot olacto a e and methyl- 
amine yield the methylamide of benzoyldiphenylpropionic acid. The 
physical properties of the two compounds are, however, remarkably 
different; whilst the latter is a compound of a comparatively low 
melting point (156°) and readily soluble in most solvents, our new 
methylamide is distinguished by its high melting point (267°), and 
by being very sparingly soluble in boiling alcohol and even in acetic 
acid. 


Distillation of Bensoyl Triphenylpropiomethylain ide. 

This compound is much more stable under the influence of heat 
than the corresponding derivative of triphenylcrotolactone. Even 
when heated for several minutes in a bath of diphenylamine vapour, 
it is quite unchanged. A specimen treated in this way gavo on 
analysis the following figures:— 

Calculated for *^0* C.... 83*05 H.... 5*97 

Eouud, C. 82-90 H.... 6*31 


To decompose it, it was found necessary to d’stil it in an Anschutz 
flask on a graphite-bath under diminished pressure. The distillate 
consisted of water and a solid red substance; the latter was dissolved 
in alcohol, and as the compound did not separate spontaneously the 
crystallisation was started by rubbing the sides of the beaker with a 
glass rod. It then crystallised out in transparent, pale yellow nodules 
melting at 158°. The composition of the compound is expressed by 
the formula C 29 H 23 NO. Its formation may be represented by the 
equation 


(CeHOaC-CH*C 6 H 5 

CO CO-C 6 H 6 

\ 

NH 

&h. 


(CtHj), 0 —C'CsH, 

00 O'OsHj + 
\/ 


H, 0 . 


(in. 


I. 01437 gram substance gave 0'4565 gram CO, and 0-0734 gram 

H2O. 

II. 0-1638 gram substance gave 0-5176 gram 00, and 0-0836 gram 

HflO. 

f dry N + NO 9*02 c.c. at 20° and 
33G mm. 


IH. 0*1371 gram substance gave< 


dry N 9*02 c.c. at 20° and 
319 mm. 
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Calculated for 


Found. 


C^HgsNO. 

t - 

-*-* 


r~ 

-* 

I. 

ir. hi. 

Cm. 

.... 348 

80-78 

86-63 

86-18 — 

Hjj. 

.... 23 

5-74 

5*67 

5-67 — 

N. 

.... 14 

8*49 

— 

— 3-31 

0 . 

.... 10 

3-99 

— 

— — 


401 

100 -U0 




This compound would, therefore, be called l-methyl-Z-diplienyl - 
4 : b-phenylpy rroholone. 

In order to compare it with the compound C^H^NO obtained from 
dibenzoylstilbene and methylamine, which we consider to have the 
same constitution, it was recrystallised first from benzene, from which 
it separates in long, prismatic crystils, and then from carbon bi¬ 
sulphide; it is by no means readily soluble in the latter, and separates 
from it in long needles melting at 158°. Mr. Tntton had the kindness 
to examine the crystaUograpliieal properties of both preparations, and 
although, owing to the striation of the faces, he could not obtain very 
satisfactory results, liis examination also tends to show that they are 
different. The compound melting at 161° appears to be rhombic, the 
tabular crystals showing the rings in the centre well. Tbo compound 
melting at 158° appears to consist of monoclinic prisms. At any rate, 
the habit and the faces are quite different from those of the compound 
melting at 161°. However, as we have already pointed out in the 
theoretical part of this paper, we believe that both forms have the 
same constitution, and that they are only dimorphic modifications of 
the same compound. We also tried to convert the higher melting 
modification into that of lower melting point by distilling it in a 
'vacuum, but owing to the very small amount at our disposal we could 
nob carry out this reaction successfully. 

Tho reactiou between ilibonzoylsfcilbene and phenylhydrazine has 
been studied by one of us, and will bo published in a short time 
Also the investigation of bcnzoylphenylpropionic acid (desylacetic 
acid) has been taken up, and the lactam of this acid (diphenyl- 
pyrrholone) and other derivatives have been prepared. 

We are very much indebted to Dr. Japp for several valuable sug¬ 
gestions, and take this opportunity of thanking him for his assistance. 


VOL. LIX, 


M 
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XVII.—CONTRIBUTIONS FROM THE LABORATORIES OK 
THE HERIOT WATT COLLEGE, EDINBURGH. 


Some Derivatives of Pijperonyl. 

By Frederick M. Perkin. 

During an investigation on the constitution of berbeiine, which was 
undertaken by my brother (Trans., 1890, 57, 992), a compound, 
C 10 H 9 NO 3 , was obtained, the determination of the constitution of 
which was of the utmost importance in assigning the coiTCct formula 
to the alkaloid. 

A **areful examination of the substance showed that ic was the 
anhydride of an amidoethylpiperonylcarboxj lie acid, but for a long 
time no proof of the exact position of the atoms in the side chains 
could be obtained, and both the following formulae equally well ac¬ 
counted for the reactions of the substance:— 


I. 


c H ,<o>cw,<™5“ 


II. 


CH J <Q>C 6 H i < 


00 -NH 
CH/OH; 


Several methods were employed in order to discriminate between 
these two, before it was ultimately shown that formula II was the 
correct expression of Ihe constitution of the compound, and, amongst 
others, a number of experiments were made with the object of pre¬ 
paring this substance synthetically from piperonal. A short account 
of these I beg now to lay before the Society. 

Lorenz (Ber., 13, 757) has shown that piperonal, when digested 
with sodium acetate and acetic anhydride, is readily converted into 

piperonylacrylie acid, CH 2 <q>C 6 H 3 -CH:CH-COOH. ThiR acid wan, 
I found, readily acted on by nitric acid, yielding a mononitro-acid, 

ch,<q>c s h !1 (no 2 )-ch:ch-cooh. 

On treating nitropiperoual with acetic anhydride and sodium 
acetate, I obtained an acid which was identical with that obtained 
by the nitration of piperonylacrylic acid, and as Lieberrmxnn and 
Faber (Ber., 23,1566) have lately shown that the nitro-gioup in 
nitropiperoual is in the ortho-position to the aldehyde gronp, it there¬ 
fore follows that the nitro-acid from piperonylacrylic acid must 
contain the nitro-group in the ortho-position to the acrylic acid 
gronp, and that the acid has, therefore, one of the two following 
formulae:— 
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■CHICIICOOH. 


TI. 


■<°' r 

N)- 




on:cn*cooH. 

no 2 


The nitro-acid, on redaction with ferrous hydrate, yields the cor- 

O NH 

responding amido-acid, CH i <^Q>C o H 2 <[ 0 jg-. 2 Qp|-.QQ 0 jg- but redac¬ 
tion with zinc or tin and hydrochloric acid converts the nitro-acid 
into ethylamidopiperonyl-^-carboxylic anhydride, CioKUNTOj, thus:— 


cb -<o>C- h, <ch:chcoob + ilTi — 

+ SH '°- 

This interesting substance is homeric with w-amidoetbylpiperonjl- 
earboxylic anhydride obtained from beiberine; the former is a 
derivative of quinoline, the latter is the corresponding isoquinoliue 
derivative. 

In addition to these experiments, the behaviour of piperouylacrylic 
acid with bromine was carefully investigated. 

When submitted to the action of bromine vapour, this acid readily 
takes up 4 atoms of bromine, with evolution of hydrogen bromide, 
yielding a tetrabromo-acid, which very probably has tho formula 

CBi'i<Q> CeHj-CHBr-OIIBrCO OH, 


This tetrabromo-acid is readily decomposed by boiling with alcoholic 
potash, with formation of a variety of products which could he sepa¬ 
rated only with great difficulty. Four products wore ultimately 
isolated, but two of these could not he obtained in a state of perfect 
purity. 

These products appear, however, to have tho following formulas:— 

I. II. 

CBi , a<Q>C 8 H J -CBr:CH , COOH. CBr J <3>C,H 8 -CH:CBrCOOH. 
jB-Tribromopiperonylacrylic acid, a-Tribromopiporonjlocrj; lie acid. 


III. 

CBr > <g>C«H J -C a H 1 Br. 

Tnhromopiperonylcthylene, 


IY. 

CBr,<0> o„h j -ch:ch s . 

Dibromopiperonylcthylcne. 


The formation of these substances will he readily understood from 
the following equations:— 
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I. CBr,<2> C * H » ,CHBr ' CJEtBr ' C00H + 3K0H = 

C Br.<Q> C a Hj-C 3 H.Br + KBi> + K.CO, + 211,0. 

IT. 2CBr,<Q>C a H J -CHBrOHBr-COOH + 4K0H. 

= CBrX^CJS.-CBrlCH-COOK + 

CBr,<°>C 6 H,-CH:CBrCOOK + 2KBr + 4H.0. 

In the formation of the substance represented by formula I, it is 
obvious that the alcoholic potash employed in the reaction must have 
acted as a reducing agent, thus:— 

CBr i <Q>C fc H 1 *CHBrCHBr-OOOH + 4K0H + H, 

= CBi‘.<q > C.H/ C H: C H i + 2KBr + K.CO, + 3IJ.0. 

Exneriments on the action of potassium cyanide on pipcronal weic 
also instituted, and the result showed that a substance was formed 
which proved to be related to pipeional exactly as benzom is to 
benzaldehj de. This compound, for which I propose the name oc 
piperonylom, is formed according to the equation 

2CH j <q>C ( EvCOH=CH,<q>C 8 H j , CO , CH(OH) , C6Hj<q>CHL. 

When warmed with nitric acid, in is 'veiy readily oxidised, but as 
yet the corresponding diketone has nob been isolated. Experiments 
on this point are in progress. 


Pipaonylacrylic Acid, CH J <§>C„H 1 -CH:CH-COOH. 

This acid was first obtained by Loienz (Ber , 13, 757). In prepar¬ 
ing considerable quantities of it, 1 have found the following method 
to give good results. 

-0 grams of piperonal, 24 grams of acetic anhydiide, and 14 grams 
of fused sodinm acetate are heated m a paraffin-bath to gentle boiling 
for 7 hours using a reflux condenser. The product, which solidifies 
completely on cooling, was melted and poured into cold water, boiled 
with excess of dilate potassium hydrate, and the cold solution of the 
potassium salt freed from a quantity of an oily substance by extract¬ 
ing twice with ether. The alkaline solution, on the addition of 
hj drochloric acid, deposited a gre^ ish precipitate; this w as collected, 
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washed with water, dried, and recrystallised from glacial acetic 
acid. 

In this way, the acid was readily obtained pure In the form of small, 
almost colourless needles. The analysis gave the following numbers, 
agreeing with the formula of piperonylacrylic acid:— 

0*1847 gram of substance gave 0*4237 gram C0 3 and 0*0711 gram 


H 3 0. 

Theory for 

C 10 H 8 O 4 . Found. 

C. 02*44 per cent. 62*55 per cent. 

H. 4*16 „ 4*25 


This acid exhibited the properties ascribed to it by Lorenz, wiili 
tlie exception that the sample prepared by me bad a melting point 
of 238°, whereas Lorenz gives 232°. 

The ethereal solution of the oil obtained as described above was 
evaporated and ibe residue distilled in a vacuum; a colourless oil 
then passed over, which solidified on cooling to a mass of crystals 
melting at 37°, and showed all the properties of piperonal. 


Action of Nitric Acid on I'iperonyhtwylic Acid. 

Nitropiperonylacrylic Acitl, CHj<q>G 6 H,(NO..)'CH:CH-COOH. 

In studying this interesting action, 2 grams of pnro piperonyl- 
acrylic acid was gi*ound up as finely as possible and added, in small 
quantities at a time, to 10 grams of nitric acid (sp. gr. 1*46), the 
whole being well cooled with ico and salt (luring the operation. At 
first, the acid appeared to dissolve, but, as the addition proceeded, it 
remained suspended in the liquid, the resulting product being a thin, 
j’cllow paste. This was thrown on to ico, the yellow, floeeiilont 
precipitate which separated collected, washed well with water, dried 
on a porous plate, and ext meted once or twice with small quantities 
of boiling alcohol. In this way, a bye product present in Iho precipi¬ 
tate was readily separated from the mononitro-acid, the former being 
moderatclj* soluble in boiling alcohol, whilst the mononitro-acid is 
sparingly soluble. The residual crude mononitro-acid was further 
purified by recry stall isatiou from boiling glacial acetic acid, from 
which it was deposited on cooling in brilliant, yellow plates. The 
analysis gave the following results:— 

0*1223 gram substance gave 0*225G gram OO* and 0*0360 gram 

h 3 o. 

0*2118 gram substance gave 11*4 c.o. nitrogen \ t = 16°; bar. 
= 756 min. 
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Theory for 

C 10 H 7 NO b , Found. 


0 . 50*63 50*30 

H. 2*95 3*27 

N. 5*90 6*24 


When heated in a capillary tube, mononitropiperonylacrylic acid 
decomposes completely and becomes quite black at 240°, s > that no 
definite melting point could be obtained. It is sparingly soluble in 
alcohol, benzene, and chloroform ; almost insoluble in water, carbon 
bisulphide, and light petroleum. It dissolves readily in boiling acetic 
acid; and, on cooling, separates out again almost completely in the 
form of thin, yellow plates. The acid is also readily soluble in con¬ 
centrated sulphuric acid, giving an orange-coloured solution; it is 
repx*ecipitated in yellow flocks on the addition of water. 


Salts of Mononitropijperonylaci'ylic Acid. 

Silver Salt , CioH 6 NO*Ag. —In order to prepare this salt, about 
2 grams of the pure acid was dissolved in a slight excess of ammonia 
and placed in a vacuum desiccator over sulphuiic acid, until free from 
excess of ammonia; two or three drops of dilute nitrate of silver 
solution were added, the precipitate removed by filtration, and the 
filtrate precipitated by excess of nitrate of silver solution. The 
dirty-brown silver salt thus obtained was collected, well washed with 
water, dried at 100% and analysed with the following result:— 

I. 0*2421 gram substance gave 03110 gram CCb and 0*0435 
gram H^O. 

0*1666 gram substance gave 0*0518 gram silver. 

II. 0*2421 g3*am substance gave 0*0763 gram silver. 

Found. 

Theory for --*- N 

C 10 H 6 NO 6 Ag. 1. II. 


O. 34*88 35*03 — 

H. 1*74 1*99 — 

Ag. 31*39 31*09 31*51 


This silver salt appears to be slightly soluble in water; when 
rapidly heated, it deflagrate? somewhat violently. 

Sodium Salt , OioH fl N0 6 N’a —In preparing this salt, the pure acid 
was suspended in water, and dilute sodium hydrate solution added 
drop by drop, until all the acid had dissolved. The dark reddisli- 
brown solution thus obtained was concentrated on a water-bath, and 
allowed to stanl for some hours. The crystalsjwhioh separated wore 
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collected, diaiued on a piece of porous plate, dissolved in a little 
water, and the solution digested with, freshly-ignited animal charcoal 
and filtered. The solution, on standing, deposited the pure salt as a 
pale yellow, crystalline powder. The salt, on drying, at 100°, lost 
considerably in weight, and became opaque; it, therefore, contains 
water of crystallisation, the amount of which was not determined. 

The analysis of the salt gave the following numbers:— 

0*2800 gram substance, heated with sulphuric acid, gave 0*077(> 
gram JTasSOi. 

Theory for 

O 10 H 6 NO 6 Na. Found. 

Na. 8*88 per cent. 8*08 per cant. 

The sodium salt is readily soluble in water. The yellow solution 
shows the following behaviour with, reagents. 

Lead acetate , a yellowish-white, flocculent precipitate, almost in¬ 
soluble in water. 

Copper sulphate , a bright-green precipitate, very sparingly soluble 
in water. 

Barium chloride gives a pale-yellow, crystalline precipitate, readily 
soluble in water; on cooling, it crystallises out in beautiful, deep- 
yellow, feathery needles. 

Calcium chloride , a yellow, semi-crystalline precipitate, readily 
soluble in water, separating on cooling in well-formed, microscopic 
prisms. 

During the preparation of nitropiperonylacrylic acid, a small 
quantity of a bye product is formed, which is readily separated from 
the nitro-aeid by means of alcohol. The alcoholic extract, on evapora 
tion, deposits the now substance in tlie form of fine, brown needles 
which, after repeated recrystallisation from alcohol, are readily ob¬ 
tained pure. 

As this substance is extremely explosive, the greatest care had to 
be takon in conducting the analysis, it being necessary to mix it 
intimately with large quantities of powdered oxide of copper. 

The following results were obtained on analysis:— 

I. 0*2138 srram substance gave 0*2056 gram C0 2 and 0*0374 gram 

H 8 0. 

0*1962 gram substance gave 16 c.c. nitrogen; t =s 11 °; bar. 

= 750 mm. 

II. 0*1098 gram substance gave 0*1077 gram CO* and 0*0241 gram 

H.0 
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Found. 

£ * tl. 

Q. 26*44 26*75 per cent. 

H. 3-M 2*43 

N. 9*59 


No cine lias as yet been obtained to tbe constitution of this remark¬ 
able substance. 

MetkylNitropijoeronylacrylate, CH 2 <^Q^>C 6 H 2 (NOi)*CH.CH , COOCH , 
aud Ethyl Nitropiperonylacrylate, 

ch 3 <q> c 6 h j (no 3 )-ch:ch-cooc j h s . 

In order to prepare tlie methyl salt of mononitropipcronylncrylic 
acid, the pure monomtro-acid was mixed with a considerable excess of 
methyl alcohol, the solution saturated with hydrogen chloride, and the 
product heated to boiling for an hour in a flask connected with a 
reflux apparatus. During this opei*ation the greater pait of tho acid 
dissolved, giving a brownish solution; this was filtered from nndis- 
solved matter, allowed to cool, and the pale-yellow crystals which 
separated collected, washed with a little alcohol, spread on a porous 
plate, and recrystallised from alcohol. The needle-shaped crystals 
thus obtained gave tbe following numbers on analysis :— 

0*1508 gram of substance gave 0*2914 gram COg and 0*0553 gram 


HgO. 

Theory for 

C n H g NO fl . Found. 

C . 52*58 per cent. 52*67 per cent. 

H. 3*58 „ 4*06 


This salt crystallises from alcohol in fine, pale-yellow, silky needles 
which melt at 152°, and turn dirty browu on exposure to light. It 
is moderately soluble in hot alcohol, but is only very sparingly soluble 
in the cold, and is almost insoluble in water. 

The ethyl salt was prepared in a similar manner to the methyl salt, 
substituting ethyl alcohol in place of methyl alcohol. It crystal¬ 
lises from alcohol in yellowish-brown needles which melt at 
113—114°. The analysis gave the following numbers:— 

0*1550 gram substance gave 0*3070 gram COg and 0*0626 gram 
H a O. 

Theory for 

C 12 H n N0 6 . Found. 

54*34 per cent. 54*02 per cent. 

4*15 „ 4 48 „ 


O ... 
H ... 
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Mo nonitropiperovylac nj lie Acid from Nitrnp iper on a l. 

Nitropipcronal is readily prepared by acting on piperonal with 
nitric acid (sp. gr. 1*4), according to the method of Fittig and 
Remsen (Annalen, 159, 134). A sample of this substance recrystal¬ 
lised from water gave the following numbers on analysis :— 

0*1530 gram substance gave 0**2751 gram C0 2 and 0*0404 gram 
H a O. 

0*1440 gram substance gave 9 c.c. nitrogen; t = 12*5°; bar. = 
760 mm. 


Theory for 

C 8 H b N 0 5 . Found. 

C. 49*23 per cent. 49*03 per cent. 

H. 2*56 „ 2*93 

N. 7*18 „ 7 43 


The extraordinary sensitiveness of this substance to light has been 
noticed by Fittig and Remsen ( Annalen , 159, 134), and by Lieber- 
mann and Haber (Ber., 23, 1566). In the samples of it which I 
have prepared, I have repeatedly noticed that an extremely short 
exposure to light is sufficient to turn the very pale-yellow crystals of 
the nitropiperonal an intense and most brilliant yellow on the 
surface. 

Tn order to convert nitropipex*onal into the corresponding acrylic 
acid, 10 grams of the pure substance was mixed with 7 grams 
of fused sodium acetate and 12 grams of acetic anhydride, and the 
whole heated to gentle boiling by means of an oil-bath for three 
hours. The dark-coloured product was boiled with potassium 
hydi*ate solution, filtered, acidified with hydrochloric acid, and the 
greyish precipitate which separated collected, well washed, anddnYd 
on a porous plate. 

In order to further purify this crudo product, it was converted into 
the methyl salt, by treatment with methyl alcohol and hydrogen 
chloride (sec p. 156), and the salt thus obtained purified by recryBtal- 
lisation from acetic acid and benzene. The methyl salt melted at 
153°, and showed all the properties of the substance prepared from 
the acid, obtained by the nitration of piperonylaerylie acid. 

However, to be certain of the identity, the salt was saponified by 
boiling with alcoholic potash, and the acid which separated on acidify¬ 
ing reorystallised from glacial acetic acid two or three times. 

The resulting product possessed the same properties as the acid 
obtained from piperonylacrylio acid, and on heating in a capillary 
tube, showed the same behaviour. 

The identity was further confirmed by the analysis :— 
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0-1688 gram substance gave 0-3138 gram CO* and 0"0489 grant 


H s O. 

Theory. 

CH ! <g>C 6 H,(NO s )-CH:OH-C° 0 H. Jound . 


C. 50 63 per cent. 50-70 per cent. 

H. 2 &5 „ 317 


O NH 

Amidopiperonylaxrylic Acid , CH 2 <^q^C6H 2 <^q|j?qjj,qqqjj. 


TlLe nitro-group in nitropiperonyl aery lie acid is readily reduced by 
ferrous hydrate with formation of amidopiperonylacrylic acid, 
thus:— 

ch 3 <o> c <. h 2<oh:ch-cooh + 3Hi = 

CH 3 <Q>C 6 H 3 <Qy? CH -G00H + 2Hj0, 

The reduction was carried out as follows:— 

The pure nitro-aeid (1 part) was dissolved in an excess of ammonia, 
the solution heated to boiling, a bot solution of ferrous sulphate 
(9 parts) mixed with excess of ammonia poured iu, and the whole 
heated to boiling for about 10 minutes. The dark-coloured product 
was filtered, and the clear, brovm solution evaporated to a small 
hulk, again filtered, and rendered slightly acid by the addition of 
hydrochloric acid. The red precipitate which was deposited was 
collected, washed with water, dried on a porous plate, and reerystal- 
lised fiom alcohol. The brownish, needle-shaped crystals then ob¬ 
tained gave the following numbers on analysis:— 

0*15G6 gram substance gave 0*3331 gram 00 3 and 0*0633 gram 


H 2 0. 

Theory for 

C 10 H 9 NO c . Found. 

C. 58*06 per cent. 57*97 per cent. 

H. 4*63 „ 4*34 „ 


Amidopiperonylacrylic acid melts at 205—207° with decomposition. 
It is readily soluble in acetic acid, less so in methyl and ethyl alcohol, 
sparingly in chloroform and light petroleum. It crystallises from its 
solution in alcohol in small, brownish needles; it is a very feeble 
acid. 


Ethylamidopiperonyl- uo-carboxylic Anhydride , 

CH 2 <g>C.H 2 <^^. 


This substance is best prepared by reducing the ethyl or methyl 
salt of nitropiperonylacrylic acid with zinc or tin and hydrochloric 
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acid. The pure salt was suspended in alcohol, and a sti*eam of dry 
hydrogen chloride passed in without cooling until the liquid was 
complete^ saturated and the whole of the salt had passed into solu¬ 
tion. Pieces of tin were then added, and the mixture allowed to 
stand until no further action took place. As soon as the redaction 
was complete, the product was diluted with water, boiled to expel the 
alcohol, and the tin precipitated with sulphuretted hydrogen. The 
filtrate and the washings from the sulphide of tin were evaporated to 
a small bulk, made slightly alkaline with potassium hydrate solution, 
and repeatedly extracted with ether. After distilling off the ether, 
the brownish residue was dissolved in boiling water, and the solution 
filtered and allowed to stand. The crystalline precipitate which 
separated was collected, recrystallised from dilute hydrochloric acid, 
and analysed with the following result:— 

0*1536 gram substance gave 0’3553 gram CO s and 0*0700 gram 

HsO. 

0*1541 gram substance gave 9*4 c.c. nitrogen; t = 10°; bar. = 
764 mm. 


Theory for 

C 10 H 9 NO 3 . Found. 

C. 62*82 per cent. 63*08 per cent. 

H. 4*71 „ 5*06 

N . 7*33 „ 7*34 


Ethylamidopiporonylcarboxylic anhydride melts at about 235° 
with slight previous softening. It is readily soluble in methyl 
alcohol, ethyl alcohol, and chloroform; very readily in acetic acid, 
but only sparingly in benzene and light petroleum. It dissolves 
very readily also in hot 50 por cent, hydrochloric acid, but does not 
appear to be converted into a nitroso-compound on the addition of 
sodium nitrite to this solution. 

Ethylamidopiporonylcarboxylic anhydride is isomeric with the 
ftj-amidoethylpiperonylcarboxylic anhydride obtained from berbenno 
(Trans., 67,1013). The isomeiusin of the two compounds is readily 
understood with the help of the following formulas:— 

Ethylamidopiperonyloarboxylic 1 qjj qh 

anhydride./ * a- ^OH**OH a ' 

These two substances resemble each other in a marked degree, the 
former being, however, less soluble, and melting at a higher tempera¬ 
ture than w-amidoe thy lp i perony lcarboxylio anhydride (m. p. 
181—182°). 
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TetrabromopiperonylaoryUo acid, 

CBr a <Q>C 6 Hj , CHBr , CHBrCOOH (?). 

This tetrabromo-derivafcive was prepared by exposing finely- 
powdered piperonylacrylic acid tinder a bell glass to the fumes of 
excess of bromine for 24 hours. On lifting the bell glass, much 
hydrogen bromide escaped, showing that substitution had taken 
place, and a carefully conducted quantitative experiment proved that 
4 atoms of bromine had been taken np, thus:— 

CH j <q> 0»H 4 , CH:CH'C00H + 3Br a 

= CBr i <Q>C 6 H J , CHBr , CHBrCOOH + 2HBr. 

The dark-coloured product was placed over caustic potash in a 
vacuum desiccator until quite free from excess of bromine, and then 
rapidly dissolved in boiling benzene. During this operation, small 
quantities of hydrogen bromide were evolved, and the filtered solu¬ 
tion, on standing, deposited a white, crystalline powder. 

The analysis of a sample of the substance, dried over caustic potash 
in a vacuum, gave:— 

0*3467 gram substance gave 0*2970 gram C0 3 and 0*0514 gram 

HjjO. 

0*2436 gram substance gave 0*3586 gram AgBr. 


Theory for 

U 10 H 6 Br 4 O t . Found. 

C . 23*53 per cent. 23*25 per cent. 

H. 1*17 „ 1*64 „ 

Br. 62*74 „ 62 64 


Tetrabromopiperonylacrylic acid melts at about 188° with decom¬ 
position. It is very soluble in alcohol and hot benzene, but only 
sparingly in the latter solvent in the cold. 


Action of Potassium Hydrate on Tetrabromopiperonylacrylic Acid . 

The tetrabromo-acid is readily decomposed by alcoholic or aqueous 
potassium hydrate with formation of a variety of substances which 
it was fonnd very difficult to separate. 

The best results were obtained in the following way:— 

1. Action of an Aqueous Solution of Potassium Hydrate .—A con¬ 
siderable quantity of the tetrabrominated acid was dissolved in a inode- 
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mtely strong aqueous solution of potassium hydrate (containing li 
times the calculated amount of KOH necessary to remove all the 
bromine). During this operation, a quantity of a white neutral sub¬ 
stance separated; this was collected, washed with water, dried at 
100°, and recrystallised, once from glacial acetic acid and twice from 
chloroform. The analysis gave the following numbers:— 

0*1470 gram substance gave 0*1500 gram C(X> and 0*0216 gram 

H s O. 

0*1773 gram substance, heated with nitric acid and nitrate of 
silver at 180°, gave 0 k 2616 gram AgBr. 

Theory. 

OBr 3 <Q> C # II 3 'C 3 H 2 Br. ^ 


C. 28*04 per cent. 27*82 per cent. 

H. 1*29 „ 1*63 

Br. 62*34 „ 62*78 


This beautiful substance crystallises from chloroform in colourless, 
glistening prisms which melt at 185*5°. Its formation takes place 
according to the equation 

CBp 4 <2>C.H i -OHBrOHBr-OOOK + 2KOH 

= OBpj <q> C 8 H 3 *C»H s Br + KBr + K a CO, + H.O, 

and its constitution may be represented by one of the two following 
formulae:— 

1. II. 

CBr 3 <2>C,H i *CH:CHBr ) CBi- J <§>C,H,-CBr:CH 1 , 

of which formula II appears to he the more probable. This com¬ 
pound may therefore bo called iribromojriperouylethylene. 

The alkaline solution, which was separated from the crystals of the 
crude tribromo-compound, as already described, gives, on the additiou 
of an add, a copious precipitate of a mixture of brominated acids, 
which appear to be approximately of the same composition as 
those obtained by the action of alcoholic potash on the tebrabromo- 
acid, and the separation of which is described below. 

2. Action of Alcoholio Potash on the Tetrabromo-acid .—15 grams of 
the tetrabromo-acid was dissolved in alcohol, and the solntion 
gradually mixed with a solution of potassium hydrate in alcohol 
containing 1J times the quantity of KOH necessary for the removal 
of the whole of the bromine. The product was boiled in a reflux 
apparatus for about 10 minutes, a considerable quantity of water 
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added, and a small quantity of an oily, neutral substance, winch smelt 
strongly of aniseed (and which will be referred to later on), extracted 
with ether. The alkaline solution was then acidified with dilute 
sulphuric acid, the white, curdy pret ipitate which separated collected, 
washed with water, and boiled with a large excess of aqueous potas¬ 
sium hydrate for half an hour; the solution was again precipitated, 
the precipitate collected, washed, redissolved in potash, and again 
heated to boiling, this operation being repeated three times. 

The final product was purified by repeated fractional crystallisation 
from glacial acetic acid, and then separated into three substances, 
melting respectively at 188°, 210—211°, and 250° (approximately) ; 
the latter, being obtained only in very small quantity, was not further 
examined. 

The substance melting at 188° gave, on analysis, the following 
numbers:— 

I. 0*1350 gram substance gave 0TG02 gram C0 2 and 0*0185 gram 
H 2 0. 

0*1667 gram substance gave 0 2128 gram AgBr (by Carius’ 
method). 

II. 0 1570 gram substance gave 0*1730 gram C0 2 and 0 0210 gram 
H 2 0. 


Found. 

Theory. ,-*-- 

C I0 H 5 BrA. I. IL 

C. 27*97 per cent. 28*55 30*05 per cent. 

H. 1*17 „ 1*3 4 1*48 

Br. 55 94 „ 5312 — 


The substance melting at 210—211° is more sparingly soluble in 
glacial acetic acid than the above substance melting at 188°. 

It gave on analysis the numbers:— 

I. 0*1316 gram substance gave 0*1306 gram C0 2 and 0*0184 gram 
H s O. 

0*2009 gram substance gave 0 2603 gram AgBr (by Carius’ 
method). 

TI. 0*1364 gram substance gave 0*1453 gram C0 2 and 0*0136 gram 

H 2 0. 


Found. 

Theory, ( -«-. 

CjoErgBrjO^ I. II. 

C. 27*97 per cent, 27*06 29*06 per cent. 

H. 117 „ 1-55 111 „ 

Br. 55-94 „ 55-11 — 


Although, these analytical numbers are not so sharp os could Iks 
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wi&lxed, it is extremely probable that the two acids are formed from 
the tetrabromo-acid in the manner represesented by the following 
equation:— 

20Br 8 <2>C 6 H 4 -CHBr-OHBr-COOH + 4KOH = 
CBr 2 <Q>C 6 H,-CBt-:CH-COOK + 

/3-acid. 

CBr 2 <2>0,H ( ,*CH:OBrCOOK + 2KBr + 4HA 

a-acid. 

the reaction being exactly similar to the formation of a- and yS-mono- 
Womocinnaraic acids by the action of caustic potash on phenyldibromo- 
propionic acid, G b H fi 'CHBr-OHBrCOOH,and I therefore propose in the 
meantime to call the more soluble acid, melting at 188°, fi-tribromopijier- 
onylacrylic acidi and the acid melting at 210—211°, a-iribromopiperonyl- 
acrylic add. Both of these acids behave similarly when treated with 
solvents; they are both sparingly soluble in boiling benzene and cold 
acetic acid, readily soluble in boiling acetic acid. 

In the description of the separation of the products of the action of 
alcoholic potash on the tetrabromo-acid (see above), mention was 
made of an oily, neutral substance, which was removed by extraction 
with ether (p. 162). On distilling off the ether and allowing the 
residue to stand over sulphuric acid in a vacuum desiccator, a semi¬ 
solid mass was obtained, which, on spreading on a porous plate, was 
readily separated from oily mother liquor. 

The resulting light-yellow mass was repeatedly reciystallised from 
00 per cent, methyl alcohol, and thus obtained in the form of micro¬ 
scopic, colourless needles, which on analysis gave the following num¬ 
bers:— 

0189 i gram substance gave 0*2490 gram CO* and 0-0408 gram 
H a O. 

0*1670 gram substance gave 0*1902 gram AgBr (by Carius 1 


method). 

Theory. 

C 9 H 8 Br 2 0 2 , 

Found. 

0. 

. 3529 

35-85 

H. 

. 1-9C 

236 

Br. 

. 52-28 

51-84 


This substance melts at 85°. It is readily soluble in acetic acid, 
methyl and ethyl alcohols, ether, and benzene, but almost insoluble in 
light petroleum. When heated in small quantities, it distils with 
decomposition, yielding an oily distillate which solidifies on cooling. 
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The formation of this compound (for which I propose the name di- 
hromopiperonylechyleae) from the tetrabrominated acid is remarkable, 
and must be due to the reducing action of the alcoholic potash em¬ 
ployed, thus:— 

CBr*<Q>OJIj'CHBr , CHBi“COOH + 4KOH + H a = 

CBi- 2 <q>C (( H 3 -OH:CH s + 2KBr + K 2 00* + 3H 2 0. 

D ibromopiperonyletliylene. 

The amount of this substance produced in the above reaction is 
\ery small. 

P*>ero»»?fom,CH 1 <g>C e H j -CH(OH)-CO-O t H J <Q>Cfl 2 . 

When digested in alcoholic solution with potassium cyanide, 
piperonal is readily converted into the isomeric piperonyloin, just as 
benzaldehyde, under similar conditions, yields benzoin. 5 grams of 
piperonal are dissolved in 21 grams of 50 per cent, alcohol, 2 grams 
of pare potassium cyanide added, and the whole heated to gentle 
boiling in a flask connected with a reflux apparatus for 3 t hours 
After standing tor 12 hours, the yellow, crystalline mass which 
separates is collected and recrystallised, first from ethyl alcohol, then 
irom methyl alcohol, and dried at 100°. 

The analysis gave the following numbers:— 

0 1390 gram substance gave 0 321*6 gram CO a and 0 0530 gram 


H,0. 

Theory 

C 16 H u 0 6 . Found 

0 . 64 00 per cent. 63 64 per cent. 

H. 400 „ 432 

0. 32 00 „ 32 04. 


Piperonyloin melts at 120°. It is readily soluble in chloroform, 
methyl and ethyl alcohols, and acetic acid, sparingly soluble in othor; 
the hot solution in alcohol deposits the substance on cooling in deep- 
yellow, nodular masses. 

Piperonyloin is very readily oxidised by nitric acid, with formation 
of much oxalic acid, and all attempts to prepare the corresponding 

piperonil, CH a <Q>C 6 H3'00*CO'0 6 H 3 <Q>CH i , have so far given 
nothing but negative results. 

The yield of piperonyloin produced in the above reaction is very 
good, but if larger quantities are employed in one operation, vety un¬ 
satisfactory results are obtained. 
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XVIII .—The a- and Modifications of Benzene Hexachloride* 

By E. E. Matthews, Ph.D. 

Some results obtained by Professor McLeod, by tbe simultaneous 
action of chlorine and sodium Hydrate on some inorganic substances, 
led me to investigate the action of these agents on some organic 
compounds. 

The substance chosen for commencing the investigation was 
benzene, and although the reaction did not proceed in the direction 
which was expected, yet the results obtained seem of sufficient 
importance to warrant publication, the more so as the reaction 
appears to be of general application with respect to a large number of 
aromatic hydrocarbons and their derivatives. 

Some benzene was placed upon the surface of a dilute solution 
(about 1 per cent.) of sodium hydrate in a flask, and, without any 
special precautions being taken, a stream of chlorine was passed into 
the mixture. After the first few bubbles of gas had been passed, the 
benzene lost its transparency and very soon became bright yellow; 
on continuing to pass in chlorine for some time, the benzene evidently 
increased considerably in density, and at length fell to the bottom of 
the sodium hydrate solution in the form of a heavy, yellow oil. More 
benzene was then added, and the stream of chlorine continued till the 
second portion of benzene also sank to tbe bottom of the flask. It was 
then corked up and placed outside the laboratory for the night, to see 
whether any solid would crystallise out on exposure to the low tempe¬ 
rature. Next morning about one-half of the oil had been convei’ted 
into large masses of white crystals, and the oil still remaining had 
become colourless. The crystals were separated from the oil and the 
aqueous solution, and, after being well washed with water, were dried 
upon a porous plate; tbe oil was again treated with dilute sodium 
hydrate solution and chlorine, and was finally almost entirely 
converted into the crjstalline solid. 

A chlorine determination was made upon the air-dried crystals 
with the following result:— 

0 2035 gram of the substance burnt with ignited Iceland spar gave 
0*5773 gram AgCl. 

Found. Theory for 0 6 H 6 01 6 . 

70*17 73*19 per cent, chlorine* 

This high percentage of chlorine showed almost conclusively that 
the substance was approximately pure benzene hexachloride,. the 
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more so as the melting point of the erode substance was found to be 
148—151° (uncorr.), and the melting point of the a-OeHeCle is given 
as 167° (con\). 

As these results pointed simply to the formation of an additive 
compound of benzene, and as theie was no apparent reason for the 
use of the sodium hydrate, the action of chlorine on a mixture of 
benzene and water was tried. The reaction was found to pioceed on 
the same lines as before, but although considerable quantities of the 
hexachloride have been made by this method, the results never 
seemed quite so satisfactory as when sodium hydrate solution was 
employed, the amount of uncry stallisable oil being greater; the pro¬ 
cess with water alone has been abandoned, therefore, in favour of 
that first described. 

The following method has been found to be the most convenient 
for the preparation of crude benzene hexachloride, as it does not 
depend at all on the temperature of the mixture, and equally good 
results are obtained either in bright sunlight or in darkness, and 
further, the rate of formation of the substance practically depends 
only on the rate at which the chlorine can be generated, 

A series of three or four flasks, a convenient size being about 
12 ounces, is arranged with the delivery tube from one flask passing 
to the bottom of the next. The flasks are about half filled with a 
1 per cent, solution of caustic soda, and 20 to 40 grams of benzene 
are added to each flask; the flasks are connected, and a rapid stream 
of chlorine is passed through the apparatus, when it will be found 
that absorption is practically complete in the first fl isk for a con¬ 
siderable time. The temperature rises considerably in the first flask, 
and at length ciystals begin to appear, and the mixture becomes 
saturated with chlorine. When the flask in which the chlorine is 
generated becomes exhausted, the flask or flasks which havo bet n 
saturated should be detached, and allowed to stand for 12 hours in a 
cool place. The crystals may then be removed from the oily and 
aqueous portions, most conveniently by means of a coarse muslin 
filter; fresh benzene, and some moie sodium hydrate may then bo added 
to the oily layer, and the saturation continued as before. By this 
method of working, the arnonnt of substitution products produced 
seems to be very small, although after the chlorine has been passed 
through the same portion of benzene several times, it is noticed that 
the oil does not crystallise so readily, doubtless on account of the 
formation of substitution compounds. 

The crude substance obtained by this process is a colourless, 
crystalline mass, closely resembling in its properties the benzene 
hexachloride prepared by other methods. It is soluble in all the 
oidinary organic solvents, but crystallises best from about 80 per 



OF BENZENE HEXACHLORIDE. 


167 


cent, acetic acid. After several recrystallisations, the melting point 
is 157° (corr.), and no further alteration takes place even on repeated 
1 eery stal lisation. 

Tlie behaviour, both of the crude substance and of the recrystallised 
portions, when the melting point is determined, shows that the sub¬ 
stance is a mixture; although the melting point, 157°, is perfectly 
definite, yet the substance, even after repeated recrystallisation from 
various solvents, always leaves a residue which does not melt, or 
dissolve in the fused portion, till a much higher temperature is 
reached. It seemed probable that the difficultly fusible portion was 
the /3-benzene hexachloride described by Meunier (Bull, Soc . Chim. 9 
41, 530; and Compt, ie,id. 9 98, 436), and by Selnipplians (Ber. 17, 
2256). 

Many attempts were made to obtain one of the substances free from 
the other by fractional crystallisation, but although, as will be seen 
later, they differ greatl) iu their solubility in the ordinary solvents, 
it was not found possible to obtain either of them in a state of 
purity. 

The method of preparing the /3-compound described by Meunier 
was next tried, namely, by boiling the mixture of a- and /3-substances 
w ith alcoholic potassium cyanide for 30 hours. By this means, the 
a-substance is entirely decomposed, whilst the more stable /3-com¬ 
pound is able to lesist the action. It was thus found possible, but only 
with great difficulty, to obtain the /3-substance in a state of purity; 
the chief difficulty consisting in extracting the undecomposed /3-deii- 
vative from the large amount of tarry matter produced by the 
decomposition of the a-compound.* Alcohol was found to be the 
most suitable solvent, as although the /3-compound was not very 
readily soluble in it on boiling, } efc the tarry products dissolved iu it 
much less readily than in any other solvent tried. The crystals 
deposited by the alcoholic solution were purified by careful sublima¬ 
tion, as described by Meunier. By Meunier’s process of separation, 
it will be seen that the whole o£ the a-snbstance, constituting about 
70 per cent, of the erudo benzene hexachloride, is lost; moreover, the 
yield of the /3-compomul is far from satisfactory. 

A much better method of separating the two substances was found 
to consist in distilling the crude CbH 6 Cl 0 in a current of steam, in 
which the a-compound felone is volatile; this process, although some¬ 
what slow, is a quantitative one, as in this way the a-compound can 
be entirely separated, for the most part collecting in the Liebig's 

* The only substances I definitely recognised amongst tho decomposition pro¬ 
ducts of the a-denyati\ e by Meunicr’s piocoss were diphenyl and ammonium 
cyanide. From the odour, I suspected the presence of naphthalene, but hare not 
been able to identify it. 
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condenser, leaving the /^-compound behind. The latter can then be 
obtained in a state of purity by a single crystallisation from alcohol, 
without any subsequent sublimation being necessary. 

The steam-distilled a-derivative was further purified by recrystal¬ 
lisation either from moderately strong alcohol or from about 8l) per 
cent, acetic acid; it forms very characteristic crystals shaped like 
fern-leaves, and melts quite constantly at 157° (eorr.) without leaving 
any unmelted residue. 

Two determinations of the molecular weight of the a-substancc 
were made by Baonlt’s method, the first in benzene solution and the 
second in acetic acid, as it wa3 thought possible that some decompo- 
fition might take place in benzene solution. Tho results were as 
follows:— 

I. II. 

In benzene. In acetic acid. 


W r t. of snbstance. • 

1*3142 grams. 

3*2744 grams. 


W t. of solvent.... 

100 „ 

100 „ 


Depression of freez- 




ing point of sol¬ 



Theory for 

vent . 

0-26 

0-595 

OJIeCV 

Molecular weight.. 

248 

270 

291 


There does not seem to be any record of a-benzene hexachloride 
having been previously obtained free from the derivative. It is a 
colourless Substance, insoluble in water, but readily soluble in all the 
ordinary organic solvents. It is very stable, and resists the action of 
most reagents, except that of alcoholic potash or soda, or of alcoholic 
potassium cyanide at the boiling temperature. Fuming nitric acid 
is without action, the substance merely dissolving when heated, and 
crystallising out again on cooling. It is not altered by long-continued 
boiling with chromic acid ; with potassium permanganate, only a very 
slight action takes place even on heating. The substance resisted all 
attempts to further chlorinate it. Aqueous ammonia is without 
action on it, as is a boiling alcoholic solution of silver nitrate. Ou 
distilling it over zino-dnst, a colourless, crystalline compound was 
obtsdned smelling strongly of diphenyl. On heating the substance 
above its melting point, it evolves hydrogen chloride, and forms a 
liquid product, probably C 6 H 3 Cl 3 [1:2:4]. 

- The ^-benzene hexachloride left as a residue, after the a-modifica- 
tion has been distilled off, when recrystallised from alcohol, exactly 
resembles the snbstance prepared by Meunier’s method. It forms 
small and very brilliant crystals which are almost colourless, and on 
careful sublimation, without previous fusion, it forms a snow-white 
powder consisting of microscopic crystals. 

It is even more stable than the a-compoand, not only boing unacted 
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on by all the reagents incapable of decomposing the a-modification, 
but even boiling alcoholic potassium cyanide does not affect it, and it is 
only completely decomposed by boiling for three hours with alcoholic 
potash. 

It is very much less soluble than the a-modification in all solvents 
tried, although strangely the two substances do not appear to bo 
separable by fractional crystallisation. Its solubility in acetic acid 
and in benzene was determined. 

100 grams of acetic acid at 15*6° dissolve 0*289 gram (mean of two 
experiments). 

100 grams of benzene at 22° dissolve 1*204 grams (mean of two 
experiments). 

A molecular weight determination was made in benzene solution 
by Baonlt’s method (noetic acid cannot be used owing to the insolu¬ 
bility of the substance). 

0*0752 gram of substance dissolved in 15*1182 grams of benzene 
caused a depression of 0*085° in the freezing point. 

Found. Theory. 

287 291 

The substance dissolves readily in hot benzene and acetic acid, but 
is much less soluble in boiling alcohol. 

An attemjt was made to determine its vapour density by Victor 
Meyer’s method, but from the dissociation of the substance no definite 
results as to its molecular weight were obtained, but the figures aie 
interesting as a study of dissociation. 


I. II. TIL 

Temperature of bath*. 295°. 330°. 370°. 

Wt. of substance.. 0*0903 gram 0*0680 gram 0*0491 gram. 

Volume of gas col¬ 
lected . 22*75 c.c. 17*84 c.c. 17*04 c.c. 

Height of baro¬ 
meter . 739*4 ram. 739*4 mm. 739*4 mm. 

Temperature of gas 13° 12*5° 13° 

Vapour density... 3*43 3*24 2*44 


Theory for = C„H,C1, + 3HC1 = 2 52. 

4 

Meunier (by Hofmann’s method) obtained ibe vapour densities 
9*365 and 9*207 (theory for CJEUCle, 10*08). Thus, at about 180°, 

* The temperatures were taken by means of one of Muller’s mercury thermo¬ 
meters containing nitrogen gas under pressure. 
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dissociation has already began, and steadily increases with tlie rise of 
temperature, till at 870% the dissociation into 4 mols. is complete. 

From the above results, and from the fact that the /3-modifieation 
is capable of being sublimed, it was attempted to synthesise the sub¬ 
stance from CeHgCla [1:2:4] and hydrogen chloride, but, although 
so\eral methods have been tried, at present without success. 

Both modifications of benzene liexacliloride yield the same tri¬ 
chlorobenzene [1:2:4], when treated with hot alcoholic potash, 
althongh the ^-modification possesses ranch greater stability. The 
two substances were decomposed side by side in two flasks; in 
the case of the a-compound the reaction was complete after a few 
minutes’ boiling; the /3-compound was digested for three hours. 
The products of the reactions were diluted, acidified, and extracted 
with ether; on distilling oft the ether, two oils of similar odour were 
left. They were placed in a desiccator and allowed to stand for some 
days, but neither oil showed signs of crystallisation. To further 
prove the identity of the two, they were both converted into nitro- 
derivatives by boiling with fuming nitric acid. The nitm-derivatives 
were precipitated with water, washed, and recrystallised from aqueous 
alcohol. Both solutions deposited crystals of almost colourless, inter¬ 
laced needles, which were evidently the same substance. The melting 
points were taken: that of the CeH^ChCNOs), obtained from a-benzene 
hexachloride melted at 57 5—58°; the nitro-derivative obtained lrom 
the ^-hexachloride melted at 58—58*5°; the melting point of 
CbH 2 Glj(NOa) is given by Beilstein as 58°. Both hexachlorides there¬ 
fore yield the same trichlorobenzene on treatment with alcoholic 
jxitash. 

There seems to he very little doubt that both the a- and /J-hexachlor- 
ides of benzene have the composition C 6 H 6 0l 6 . All the evidence wre 
at present possess goes to show that the two compounds arc isomeric, 
namely, first, the analyses of Meunier and Schuppluius; second, the 
vapour density determinations made by Alennier; third, the molecular 
weight determinations by Ttaoult’b method*; fourth, the fact that 
both compounds yield the same trichlorobenzene when acted on by 
alcoholic potash. 

The reason for the existence of two isomeric hexachlorides of 
benzene is not very clearly shown by any of the benzene formulas at 
present proposed, unless we assume that an intramolecular change 
has taken place, and that some of the carbon atoms in the molecule 
of one of the addition products are connected with 2 atoms of 
chlorine and others with 2 atoms of hydrogen. 

* I have recently found that the molecular weights of a- and /3-bonzene hexa¬ 
chlorides have also been determined by Patera6 and Nasini (Gaxxetta, 19,105—209), 
and that their figures give C^HgClg as the formula for both compounds. 
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That some intramolecular change had taken place in the formation 
of one of the hexachlorides did not appear improbable when the sub¬ 
stances were made by either of the older methods, either by passing 
chlorine into boiling benzene or into benzene exposed to direct sun¬ 
light, but the chance of any such change was lessened by the forma¬ 
tion of the same trichlorobenzene when the substances were acted on 
by alcoholic potash; now that the hexachlorides can be prepared, if 
necessary, in a freezing mixture and in darkness, the chance of any 
such change is greatly decreased. 

From some work that I am at present engaged upon, but which is 
not yet quite ready for publication, it seems that monochlorobenzene 
yields hexachlor-addition products similar to those of benzene, 
[C 6 HfiCl 7 ], which on treatment with alcoholic potash yield tetra- 
chlorobenzene [1 : 3 : 4 : 5]. This shows that in the hexachlorides 
of chlorobenzene at least four of the carbon atoms are directly con¬ 
nected to chlorine, and thus greatly increases the probability that in 
both the a- and /3-benzene hexachlorides each carbon atom is directly 
connected with an atom of chlorine. 

I have made many attempts to convert these substances from one 
modification to the other, but hitherto without success. 

It seems rather early to hazard a speculation as to the constitution 
of these two substances, but as all the benzene formulas fail to explain 
why two symmetrical isomers of the composition 0 6 H 6 C1 s should 
exist, I think a certain amount of speculation is justifiable. 

It seems to me not impossible that the o-eompound may have the 
constitution— 

HOI 

HOI /N HOI 

HOI IHC1 * 

HOI 

and that the /3-compound may be represented by the formula 
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that is to say, that the chlorine has become triadic, and has formed si 
second ring consisting of 6 chlorine atoms. This hypothesis wotild 
go far towards explaining the superior stability of the ^-substance. 

I have fonnd that bromine acts additively nnder similar conditions 
to chlorine, and further, that addition compounds of other derivatives 
of benzene, toluene, xylene, naphthalene, &c., and their derivatives 
may be obtained by slight modifications in the method of woiking. 

These reactions are being investigated, and I hope to contribute the 
results in a future paper to the Chemical Society. 

Royal Indian Engineering College , 

Coopers Sill , Staines . 


XIX .—The Action of Seat on Ethylic ft-Amidoc) oionate. Part 1, 
By J. Xorman Collie, F.B.S.E. 

Some years ago (. Annalen , 226, 29*7), whilst workiug with othylic 
/3-amidocrotonate, I noticed that, during its purification by distilla¬ 
tion under reduced pressure, a crystalline compound of the formula 
CioHiaXO* was always produced in small quantities, and remained 
behind in the fractionating flask, the reaction taking place accord¬ 
ing to the following equation:— 

2CaH u NO a 5= CioHjjNOi + NH 3 + C 2 H,-OH. 

This condensation product was found to be the erhylic salt of an 
acid, CsHaNOs, which, from its properties, was considered to be ilu* 
monocarboxylic acid of a hydroxylutidine. Owing to the small quan¬ 
tities obtained, the investigation was carried no further. Since then, 
having had to work with large amounts of ethylic /9-amidoerotonato, a 
further supply of the condensation product has been obtained, and a 
more exact study of its derivatives has been possible. I now find that 
this acid, on heating, yields carbon dioxide and a substance C-H 0 NO, 
which is identical in all respects with the aa'-dimethylpyridone 
obtained by Haitinger from dehydracetie acid (Her., 18, 452), and 
also by Conrad and Guthzeit (Her., 20, 159), by heating lutidone- 
dicarboxylic acid. 

The condensation by heat of the ethylic /kamidocrotonate is there¬ 
fore as follows:— 
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OHs-C-NH HH S N -C-C H _ OH s -p-HH-C-OH a 

COOEt-CH EtO-CO-OH ~ OOOEt-C-CO-CH + 

Ethylic j3-amidocrotonate. Ethylic dimet liylpyndouemono- 

carboxylate. 

NH 3 + CJB*-OH. 

This partial decomposition by heat seemed, at first sight, to be 
similar to that which ethylic acetoacetate undergoes in its conversion 
into dehydracetic acid during distillation:— 

2C fl Hio0 3 ~ OaHaOi 4" 2C 3 H 6 *OH, 

especially if the formula which Perkin suggests for dehydracetic acid 
be the true one:— 

CHa'C—0—(Ij*CHa CH 3 *C-NH-C-OH s 

COOH-C-CO-CH * OOOBfO- CO -OH * 

Dehydracetic acid (?). Dimethylpyridonemonocarboxylic 

ethyl ether. 

But, according to Ostwald, dehydracetic acid does not contain a 
OOOH group, as its conductivity is far less than that required by 
a true organic acid; therefore Feist, in his interesting paper on 
dehydracetic acid (Annalen, 25 7, 253), suggests the following 
formula:— 

CH/C-O-CO 

HO-CO-CH-CO-CH* 

and in a note on the constitution of dehydracetic acid, appended to 
this paper, I suggest an alternative one:— 

' oh 3 -oo-oh 2 *o-o-oo 

HC-CO-CH/ 

and if cither of these last two formulas be correct for dehydracetic 
acid, then the action of heat on the ethylic ami doer ot on ate will 
not be analogous to the action of heat on othylic acetoacetate, 
although, by a series of simple reactions, the one is converted into 
aa'-dimethylpyrone, and the other into aa'-dimethylpyridone. 

CHs‘0—0—C’CHs CH 3 *C-NH-0 -CHs 

HO-CO-CH ' HC-CO-OH # 

wt -Dimethylpyrone. aa'-Dimothylpyndone. 

This aa'-dimethylpyridone, when treated with pentachloride of 
phosphoius, yields a chlorolntidine, which, on reduction with nascent 
hydrogen, yields aa'-dimethyl pyridine in very small quantity. 
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Although the reduction of this chlorolutidine is only effected in very 
small amount, after many days treatment with tin and hydrochloric 
acid, still the production of a lutidine by this means is of interest, as 
it affords a method by which a true pyridine derivative, that is, aa'- 
dimethylpyridine, may he produced from ethyl acetoacetate by a set 
of simple reactions, all of which take place at no very high tempera¬ 
ture. The lutidine thus produced has been identified with lntidines 
obtained by the following methods:— 

(1.) By the distillation of the potassium salt of lutidonecarboxylio 
acid with excess of caustic potash. 

(2.) By heating the chlorolutidine (mentioned above) with zinc- 
dust in an atmosphere of hydrogen. 

(3.) By heating the chlorolutidine obtained from debydracetie acid 
by Haitinger’s method with zinc-dust. 

(4.) A lutidine obtained by W. Ramsay from bone oil, b. p. 

143 _ 144 .° 

By oxidation of the lutidine from ethylic /9-amidocrotonate with 
potassium permanganate, a py ridicedicarboxylic acid was obtained 
melting at 235° (corr.), which, on heating, grave pyridine, showing 
that it was dipicolinic acid or the aa'-pyridinecarboxylic acid. 


Experimental Past. 

Ethylic lAitidonemonocarboxylate, QQOEt'C-CO-iH^* 

The preparation and most of the properties of this substance have 
been already noticed in my former paper (loc. cit .). 

The melting point is 1(53—164° (corr.),* and the boiling point lie? 
between 240° and 250° with slight decomposition; I may licit 
mention that it is soluble in water, as in my former paper, through ai 
error, it was stated to he insolubler 

It does not react with acetic anhydride, even after many hours 
heating at 140—150°; neither does it form a compound with phenyl 
hydrazine or with hydroxylamine, and therefore differs from dehydr- 
acetic acid in this respect. 

A determination of the molecular weight by the Raoult method 
showed a very marked rise when more than a small quantity of the 
ethereal salt was used, the results being as follows;— 

* All the melting and boiling points mentioned in this paper were taken with a 
set of Anschutz thermometers supplied by Desaga, of Heidelberg. 
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Substance 

Acetic acid 


39 

C10H13NO3, 

taken. 

taken. 

Depression. 

Mol. depression. 

mol. weight. 

o-iooo 

27-65 

0 074 

190 

195 

0-2935 

27-65 

0-200 

207 

195 

0-5485 

27-65 

0-370 

209 

195 

0-8145 

30-67 

0-440 

235 

195 

1-2775 

3513 

0-400 

354 

195 


Treated with bromine in acetic acid, a reaction occurs at once, and 
tlie temperature rises slightly. 10 grams of the ethyl compound 
were dissolved in acetic acid, and 8 grams of bromine were carefully 
added. The mixture was poured into water, and sodium carbonate 
added till the solution was nearly neutral. A white crystalline 
bromine componnd was precipitated which was separated by filtra¬ 
tion, washed with water, and, after recrystallisation from alcohol and 
water, melted constantly at 249—2-50° (corr.). An analysis gave the 
following numbers:— 

0*2850 gram substance gave 0*1955 gram AgBr = 29*20 per cent, 
bromine. 

0*3010 gram substance gave 0*480 gram CO a and 0*122 gram H*0. 
C = 43*49 ; H = 4*50. 

Found. 

Calculated for t -*-- 

C u H 12 N0 3 Br. 1. II. 


C . 43*79 — 43*49 

H. 4*38 — 4*50 

Br. 29*19 29*20 — 


The substance is therefore a monosubstituted derivative, and prob¬ 
ably has the following formula :— 

CH 3 .C-NH-C*CH 3 
COOEt-O-CO-OBr * 

During the purification, it was noticed that this bromine derivative 
is capable of crystallising in two distinct forms. If a strong solution 
is cooled in a test-tube, it sets to a mass of long, interwoven, needle- 
shaped crystals, and the test-tube may be inverted without the 
contents being spilt; but, after standing, the needle-shaped crystals 
gradually disappear, and a small layer of hard, granular crystals 
remain at the bottom of the tube. 

The action of pentachloride of phosphorus on the ethylic lutidone- 
monoearboxylate was also tried. 20 grams of the compound were 
heated to 160°, and 22*5 grams of pentachloride of phosphorus was 
cautiously added. The mixture, on cooling, remained liquid, and, 
after the oxychloride of phosphorus had been removed by distillation* 
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the residue was poured into watex\ The solution was neutralised 
with, carbonate of soda, and extracted with ether. From the ethereal 
extract a pleasant smelling oil, b. p. 263—264° (corr.), was obtained. 

0*3805 gram substance gave 0*2615 gram AgCl = 17*00 per coni, 
chlorine. 

0*4110 gram substance gave 0*8430 gram C0 2 and 0*2070 gram 
H s O. O = 55*96; H = 5*60. 

Found. 

Calculated for ( -*-^ 

C 10 H n NO 2 CL I. II. 


O . 56*21 — 55*96 

H. 5*62 — 5*60 

01 . 16*62 17*00 — 


The reaction therefore takes place as follows:— 

C 10 H 13 NO 3 + P01 6 = C 10 H 13 NO 2 Cl + POCI 3 + HOI. 

This chloride, when dissolved in alcohol and warned with dilute 
soda solution, does not lose its chlorine, but is converted into the 
sodinm salt of a chlorinated acid. This acid, when heated, readily 
parts with carbon dioxide leaving a chlorolutidine, b. p. 177—180°, 
which is identical with the chlorolutidine which is produced by the 
action of pentachloride of phosphorus on lutidone obtained by heating 
lutidonemonocarhoxylic acid. 


Lutidonemonocarboxylic Acid , 3 11 11 "ft 

’ COOH-C-CO-OH * 

This compound has already been described in my former paper. 
It can be prepared by warming a solution of the ethereal salt With 
caustic soda solution and then precipitating the free acid with sulph¬ 
uric acid. It is a crystalline compound, easily yielding Halts. 
These salts do not seem, however, to be very stable, llio lurium salt 
being decomposed by carbon dioxide into barium carbonate and tin* 
free acid. The acid itself may be heated to 200° with strong sulph¬ 
uric acid, and is reprecipitated unchanged on the addition of water. 

An attempt was made to convert this acid into doliydrncetic arid 
by prolonged boiling with dilute sulphuric acid, 


CgHsNOs + H 2 0 = C 8 H 8 0 4 + HH 3 , 

hut without success, the acid remaining unchanged. When the acid 
is heated, it melts at 257-258° (corr.), and is quantitatively con¬ 
verted into carbon dioxide and aa'-dimethylpyridone, 

Ct&NOi = C 7 H 9 TS t O+ CO* 
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, 7 OHs-C-NH-O'CHs 

aa'-Dimethy Ipyndone, H [j_ 00- {j ]B[ • 

Tliis compound has been obtained by Conrad and Guthzeit by heat¬ 
ing lutidonedicarboxylic acid (JBer., 20, 156). Haitinger also 
obtained it by heating dehydracetic acid with aqueous ammonia 
(Ber., 18, 452). They give the melting point as 225°. The com¬ 
pound produced by heating lutidonemonocarbox) lie acid agreed in 
all respects with lutidone obtained by the above mentioned chemists 
(m. p. 225° or 231—232° corr.). A combustion gave C = 67*94; H 
= 7*42. Theory for C 7 H 9 NO, C == 68*29 ; H = 7*32. 

The platinochloride was also prepared. The melting point given 
by Haitinger is 224°; the melting point was found to be 230—231° 
(corr.), and an analysis gave Pt = 29 90. 

Theory for (C 7 H 9 N0,HC1) ,PtCL, Pt = 29*67. 

Some aa'-dimethylpyridone was also prepared from dehydracetic 
acid; on comparison, it was found to be identical in all respects with 
the compound mentioned above. 

Pentachloride of phosphorus reacts at once with this lutidone, 
giving a chlorolutidine, b. p. 178—179°. Conrad and Epstein prepared 
this compouud from the lutidone obtained by heating lufcidonedicarb- 
oxylic acid (Ber., 20, 164). They also found the boiling point to 
be 178 J . This chlorolutidine was therefore not analysod. 


OLaf-DimeiJiylpyridine or Littidine 


aa-fl-T-fl* 0 *. 

HC-OH-OH 


T have obtained this lutidine by four different methods. 

(1.) By tho action of nascent hydrogen on the chlorolutidine boil¬ 
ing at 178°. The chlorolutidine is hardly attacked by nascent 
hydrogen; still by tho prolonged treatment with tin and fuming 
hydrochloric acid, a small amount of the lutidine is formed. By far 
the larger quantity of tho chlorolutidine remains unchanged, and can 
be recovered from the solution on evaporation in the form of a 
beautifully crystalline double compound with stannous .chloride, 
m. p. 108—109°. 

0*350 gram substance took 29*00 c.c, decinormal AgNO s = 29*41 
per cent. Cl. 

Theory for 301 in OJffJS’Ol.HOl.SuOI» = 29*01 per cent. CL 

The mother liquors, after the separation of most of the chlorolutidine 
in the form of the double compound with stannons chloride, were 
treated with a slight excess of caustic soda and a current of steam 
was then blown through. A small ‘quantity of lutidine mixed with 
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cblorolutidine distilled over. The amount was too small for the 
boiling point to be taken with accuracy, but it lay between 143° and 
147°. This lntidine was converted, therefore, into the platiuochloiidc. 
The salt melted at 209—211°. 

0'200 gram substance gave 0*0623 gram Pt = 31‘25 per cent. Pt. 

0‘32l gram substance gave 0'1005 gram Pt = 31*31 per cent. Pt. 

Theory for (C 7 H 9 tf,HCl) a PtCh = 31*20 per cent. Pt. 

(2.) A better method for obtaining the lutidine is to pass the 
vapour of the cblorolutidine over heated zinc-dust in an atmosphere 
of hydrogen. In this way, a lutidine was obtained boiling between 
144° and 145® (corr.),* and giving a platinochloride, melting at 
210—212° (corr.). A combustion gave the following numbers:— 

0*320 substance gave 0*9200 gram C0 3 and 0*2460 gram H a O. 

Theory for 

U 7 H 9 N. Found. 


O. 78*50 78*44 

H. 8*41 8*57 


(3.) A lutidine identical with the above was obtained from the 
cblorolutidine made from dehydiacetic acid, its boiling point, 
144—145°, and the melting point of the platinochloride, 210—212’, 
being considered sufficient to rely upon. Haitinger, however, ob¬ 
tained a lutidine boiling at 148—151° by heating the aa'-dimethyl- 
pyridone (made from dehydracetic acid) with zinc-dust. 

(4.) The potassium salt of the lutidonemonouarboxylic acid, when 
heated with excess of solid caustic potash, gives the same lutidine in 
small quantity. 

The platinochloride melted at 208—210° and left, on ignition, 
31*30 per cent. Pt. 

I have also been able to compare this lutidine with one obtained by 
Professor Ramsay from bone oil, b. p. 143—144°. Both the crystal¬ 
line form, as well as the melting point of the platinochloride 
210—212°, were the same. The two Intidines are therefore doubtless 
identical. 


Oxi lation of &%'-Dimethylpyridine. 

2 grams of this lutidine (obtained from the chlorolutidine) were 
oxidised with permanganate of potassium. After nearly the whole 
of the lntidine had been oxidised, the mixtuie was filtered to separate 
the precipitated manganese dioxide, and the filtrate evaporated, and 

* Epstein gives the boiling point of aa'-lutidine made by heating lutidonelicarb- 
oxylic acid with zinc-dust as 144—145°, 
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precipitated by silver nitrate. The silver salt was decomposed by 
sulphuretted hydrogen, and the resulting solution, on evaporation, 
yielded a crystalline acid. After recrystallisation from dry alcohol 
and ether, the acid was found to melt at 235—236° (corr.), and gave 
with ferric chloride a reddish-yellow coloration. VThen heated alone, 
a strong smell of pyridine was produced. The acid, on analysis, 
gave:— 

0 222 gram substance gave 0*407 gram COj and 0*061 gram HLO. 

Calculated for 

C 5 H j N(COOH) > Pound. 


0 . 50*29 50*00 

H. 2*99 3*05 


The acid is therefore dipicolinic acid, and is the same as that 
obtained by Hantzsch (Her., 18, 1744), and Epstein (Ber., 19, R. lb). 

University College , 

London* 


XX.— On the Constitution of Dehydracetic Add. 

By J. Norman Collie, Ph.D., University College, London. 

During an investigation of the action of heat on ethylic /3-amiilo- 
orotonate (on which I have been engaged for some years) I was 
much struck with the partial decomposition this ethereal salt under¬ 
goes when distilled, yielding ethylic lutidouecarboxylate, a pyridine 
derivative. 

This decomposition forcibly recalls the formation of dehydracetic 
acid from ethylic acetoacetate when the latter is heated, and the fact 
that dehydracetic acid itself gives lufcidone when treated with am¬ 
monia still further increases the resemblance. I was naturally led, 
therefore, to inquire into the formulse which various investigator 
have proposed for dehydracetic acid. This peculiar compound has 
for long been tbe subject of investigation, but the various formulas 
which have been suggested are ail open to criticism, as Peist, in his 
excellent paper on this acid ( Annalen , 257, 253), has shown; and as 
he discusses this question in detail, it is needless to again go over the 
ground. I shall, therefore, only take tbe formula given by Feist, 
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and show where I think it is inadequate to explain all the known 
properties and reactions of dehydracetic acid. 

Dehydracetic acid is formed by the action of heat on ethylip 
acetoacetate, alcohol, water, and ethylene being produced at the same 
time, the best process for its manufacture being to allow a slow 
stream of ethylic acetoacetate to run into an iron tube filled with 
pumice stone and heated in a combustion furnace. In this way, 
nearly the whole of the ether is converted into dehydracetic acid. 

That dehydracetic acid is a true acid, containing the carboxyl 
group, was for some time thought to be the case. Ostwald, however, 
contradicts this,* showing that, from measurement of the conducti¬ 
vity of the acid, the dissociation constant obtained is about 200 times 
too small, as compared with the constant of snch acids as salicylic 
acid. It therefore probably resembles the phenols or else compounds 
such as ethylic acetoacetate or ethylic malonate. 

Dehydracetic acid does not give an acetyl derivative, but when 
treated with phenylhydrazine, or hydroxyl amine, the ordinary reaction 
occurs which takes place when a carboxyl group is present. 

With pentachloride of phosphorus, it gives a dichloride, two hydr¬ 
oxyl groups being replaced by chlorine; this reaction at first sight 
seems to contradict the non-formation of an acetyl derivative, but in 
all probability it can be explained by the peculiar nature of the acid, as 
it contains the residues of two ethylic acetoacetate molecules, and it 
is quite conceivable that, as in the case of ethylic acetoacetate, the 
following reaction takes place:— 

-C0-CH 3 -C0-CH,- gives -CC1 3 'CH 3 *CCI 3 -CH 3 -, 
and then hydrochloric acid splitting away the group 

-cci:ch*cci:ch- 

would remain. 

On warming with alkalis, a complete decomposition of the molecule 
takes place, and the same products are obtained as when ethylic 
acetoacetate is treated in a similar manner. 

Dehydracetic acid yields pyndine derivatives with great ease when 
heated with ammonia, but this is probably due to a partial rearrange¬ 
ment of the molecule after the addition of the elements of water and 
the subsequent elimination of carbon dioxide. 

Most of the methods of formation and also of the decompositions of 
the dehydracetic acid are well explained by Feist’s formula; for 
instance, the decomposition, when boiled with alkalis, which yields a 
carbonate and acetate of the alkali and acetone, 


* Ostwald, " Uber die AffinitatsgrSsaen organischen Sauren und ihrer Beii&hung 
«ur Zuzajnmenietzung und constitution derselben.” Leipzig, 1889. ■ ^ 
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CO OH s 


and by an ingenious reaction, the formation of the pyridine deri¬ 
vative, lutidone, where the two methyl groups are in the aa'-position, 
is also accounted for. 


0 

CH,-4^bO 


HC 6h-CO-CH, 

Deli jdracetio acid. 





Lutidone. 


When we come to the pi’oduction of a dichloride, where apparently 
two hydroxyl groups aro replaced by chlorine, we at once perceive 
the inadequacy of the “ usahre Const itutionb-fonnel” The production 
of orcinol and the formation of a methylie ether possessing acid pro¬ 
perties are also not easy of explanation. The expression made use of 
by Feist “ wahre Constitutions-foruiel ” may be regarded in the light 
of a challenge to other chemists to devise a formula better adapted to 
express all the changes which take place during the formation and 
decompositions of dehydracetic acid; and the considerations which 
von. lix. o 
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follow per se, I venture to think that the last has not been said on 
the subject. 

There are two formulte which might possibly be preferable to Feist's. 
The first, in which the two methyl groups aro in tho aa-powtioii, 


thus— 


9H, 

COH 


CH 

6o-oo 2 h 5 


+ 


OH 

-0-0 H 
-6h 

CO-OCiH, 


0 

OH.-jf'fccOH,) 

HO OH-CO > ’ 

Yo 


and where, instead of alcohol being eliminated in the <-lactone 
position, the ^-position is used. The production of lntidone would 
by this formula be as follows:— 


OH H 

I / 

I NH CH 3 

\/ 

CH s -0 0 OH 

HO CH-COO H 

Y 


HH 

CH.-C^c-Oir, 
HO OH 



+ 2H,0 + 00. 


It is probable, however, that if this wore the ease, tlio formula for 
dehydracetic acid would be Ci 6 H lfl 0 8 , as it would belong to tho class of 
lactides. This is not so, as a determination of its molecular weight 
by Raoult’s method gave the following result:— 


0*600 gram substance lowered the m p of 35*05 grams aeoiie and 
0*40° 0. 


Calculated for 
Found, OhIIhOj, 

Mol. weight... ., 167 108 


But the formula which I next propose still move satisfactorily ovpluius 
the reactions of dehydracetic acid, and not only accounts for these* 
reactions of dehydracetic acid where Feist’s formula fails, but also 
throws additional light on the formation and constitution of many 
other substances as well as dehydracetic acid. 

It is well known that the acetyl group easily reacts in tho follovv ing 
way:— 

CH 3 -C J H 2 CH-CO, 

as in the formation of mesityl oxide and mesitylene, 

(0H s )a0:0 HaCH-CO-CHsj 
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cinnamic acid from benzaldehyde and acetic acid, and in many other 
cases when the methyl group is attached to an electro-negative 
group. If we apply this to acetoacetic ether, we get the following 
reaction:— 

CHVCO-CHs-C— 0 ”h; CH-CO-OH 2 -OOOO s H5. 

OCjJHj 

But alcohol and ethylene are also produced during the preparation of 
dehydracetic acid, 


ch 3 -coch 3 -c:ch-cooh 2 -co 

O.C 2 H 3 H CaH jO j » 

and the substance remaining is therefore a 5-lactone, which can he 
written— 


O 

CH.-COCH.-C^O 

h8 6h s 

CO 

Dehydracetic acid. 


or 


O 

CH 3 -C(OH):CH-fP'DO . 

HO 6h 

OOH 

Tautomeric form. 


We see now that dehydracetic acid contains two hydroxyl groups; 
hence it will react with pentachloride of phosphorus, giving 

ch 3 ooi:oh-c:ch*coi:oh*co. 

6_L 

The replacement of tho hydrogen of one hydroxyl group by methyl 
still leaves another hydroxyl group which can react with sodium, 
yielding a sodium compound; and if the acid property of dchydr- 
acetic acid is due to the presence of these groups, the monotn ethyl 
ether would probably possess acid properties. This, however, is not 
to be insisted on, as the acid reaction of dehydracetic acid may quite 
possibly be due to the presence of the methylene groups which are 
placed between the carbonyl groups. 

The formation of orcinol by heating the acid with baryta-water also 
follows easily:— 

ch 3 -c(OH):ch-o:ch-o(OH):oh-oo 

6_j 

CH J -C:CH-C(OH):CH'C(OH):CH. 

;oH' .tape 

' . * „ a 
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CH, 

0 



Orcmol. 


Tbe production of dehydracetic acid from chlorido of acetyl by 
beating it with pyridine is also easy to understand:— 

CHyCO Cl H OHs*CO Cl H CHyCO Cl HCHyCOCl = 

CHyCO-OHyCiCHCO-CHyCO , OTIn] 

OH_ci +3HCL 


The formation of lntidone is also accounted for by the elimination 
of water from the i-lactone position— 

CHyCO-CHyCiCH-CO'CHyCO 

J. i 


w ith ammonia and "water gives— 

OH 3 -o:cH-co-CH:c-CHy coo n 

HN H _ HO 

NH 

/\ 

CHyC C-CH, 

HO CH 

N co 

Lutulonc 1 . 

Dehydracetic acid, when boilod with alkalis, yields acetic add, 
acetone, and carbonic add:— 

HO H 0 H 

CHyCO CHyC : CH-CO-CHy COO H. 

OH 

Malonic acid is also sometimes produced 

HOH HOH 
CHyCO -CHytjKOH -CO-OHyCOOH. 
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Tho bromine derivative would liave the following formula:— 
C%CO-OH s -C:OBr-CO-OH a -CO; 

0_I 

and the compounds produced by the action of nascent hydrogen 
are— 

c 8 h 10 o 4 ch 3 -ch(oh)*ch 3 :c:ch*co-ch s -co. 

6_! 

CtHgOj ch 4 -ch:ch*c:ch-oo-ch 2 *co. 

6_I 

C 8 H 10 Oa 0Ha-CH 2 -CH 2 -C:CH-C0-CH 2 -C0. 

6_I 

Fe ; st, by heating dehydracetic acid with hytlriodie acid in a sealed 
tube, converted it into the aa'-dimethylpyrone, 

CH 3 *Cj-0--<>CH 3 

HC-CO-OH 

This substance he also produced by heating an acid that he obtained 
by the action of sulphuric acid on the dichloride. This acid is 
isomeric with dehydracetic acid. The measurements of its conduc¬ 
tivity by Oswald show that it evidently contains a carboxyl group, 
and Feist calls it the “ wdhre Dimetliylpyrow-carhonamre ,” and gives it 
the following constitution:— 

CH.-fl-0-fl-O H s 
HO-CO-C-COOH - 


This is tho formula originally suggested for dehydracetic acid by 
Perkin. 

If, however, the formula for the dichloride be 


ch 3 -cci:ch*c:ch-cci:ch-co, 

I I 


then, by elimination of hydrogen chloride and the addition of the 
elements of water, we get— 

oh3-oo-oh s -co-ch 4 -oo*oh 3 -oooh, 

or CH 3 -C:CH-0O-CH:O.0H a -COOH, 

6a'"”7}iOi 
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and Feist’s dimethylpyroneoarboxylio acid becomes— 
CH 3 -C-0-C-CH,'C00H 
HC-OO-CH ’ 

a-Methj lpyroncuoetic acid. 

whieli on heating would lose carbon dioxide and give atu-d imethyl- 
pjrone; the true dimethylcarboxylic acid has therefore yet to be 
pioduced. 

If therefore the formula which I have given to dehydracetic acid 
he the correct one, it is not a derivative of pyrone, 

hc-o-cii 

HG-CO-CH’ 

Pyrone. 

as Perkin suggested in his paper (Trans, 1887, 489), but of oxy- 
pyrone, or the 5-lactone of /3-oxyacrylylacetic acid, 

Hp—0—CO 

ho-co-oh/ 

a-Oxypyrone. 

The compounds meconic acid, comenic acid, and pyromeconio acid, 
which seem to be connected with pyrone or oxypyrone, might possibly 
have the following formulae, thus— 

COOH-C—O—CO COOH-C—0—CO 

COOH-C-CO-OH, ° r HC-CO-CH*COOH 0P 

pH-O-CO 

COOH-C-OO-OH-COOII • 

V -*--- J 

Mccomo acid. 

Comenic acid, which is formed by the elimination of carbon dioxide 
from meconic acid by heat, would be— 

COOH-CJ-O-pO HC- O-CQ CII-O-CO 

HC-CO-CHs ° r COOH’U-CO-CIJi ° r Cfl-CO-CIPCOOIE ’ 

v----- > 

Coumenie acid. 

and pyromeconic could only be—- 

HC—0—CO 
HC-CO-CH 3 ’ 

Pyromeconic acid, 
or the 5-Iactone of /?-oxyacrylylacetic acid. 
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Coumalinic acid, as Pechmann and Welsh, have shown (Trans., 
188* r >, 47, 149), also probably belongs to this 2-lactone class— 

H£-0-C0 
COOH-O-CH-CH * 

Coumalinic acid. 

The decomposition which these meconic acid compounds undergo 
when boiled with alkalis, acetone being formed, can now be easily 
understood. 

Closely connected with these oxypyrone compounds are the true 
pyrone compounds, to which class chelidonic acid no doubt belongs— 

COOH-C—O—Cj-COOH 
HC-CO-CH 
Chelidonic acid. 

Theie probably also exists an analogous series of compounds, con¬ 
taining a carbonyl group fewer than pyrone and oxypyrone deriva- 
ti\es; this series is the furfuran and oxyfurfuran class:— 

HC—0—CO HCj—0—CO 

HC-CO-CH’ HC-CO-CHs ’ 

Pyrone. Oxypyrone. 

HC-O-CH HC-O-CO 

H(j- oh’ H(j-CH/ 

Furfuran. Oxyfurfuran. 

and as ammonia gives pyridine derivatives with the one class, so it 
should yield pyrrolene derivatives with the other. Several instances 
might be given of the furfuran compounds, thus— 

CHyC-0-C'CH 8 'C00H CH/C-O-C-CH* 

COOH-C-CH * COOH-O-OH 

Metlironic acid. Uvic add. 

and to the oxyfurfuran class belong acouic acid and the ketolactonic 
acid of Young (Annalen, 216, 45), 

HC-O-CO CHs'C-O-CO 

COOH-C-CH 2 ’ COOH-C- CR-C& “ 

Aconic add. Ketolactonic acid. 

The production of the ketolactonic acid is of some interest, as it is 
formed in small quantities during the distillation of ethylic /S-ethyl- 
acetosuccinate, in the same manner as dehydracetic acid is produced 
from ethylic acetoacetate— 
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CH.-CO-CHCCOOC^-CHCC.H^-COOCCjn,), 


or CHvCIOCOOOOiHO-CHCO.HO'^O 

oh . oua 

CHj'^-0-C 

COOOjHj'O-CH-C.H, ‘ 

It is hardly npcessary to point out tlie fact that if the above bo ihe 
correct explanation of the production of deliydi acetic acid from ethylic 
acetoacetate, then dehydiobcnzoylacetic acid rnnst bo formed by 
another reaction, as it docs not contain a methyl group. That this is 
so is rendered possible by the reactions of dehydiobcnzoylacetic acid, 
notably the action of pentachloride of phosphorus; and the fonnnla 
suggested by Feist (iter., 18, 372S) may be the correct one 

Closely connected with dehydracetic acid is the dihydiod in cetyl- 
lasvulmic acid of Magnanini ( Gazzetta , 19, 275); it is, in all proba¬ 
bility, the next higher homologue of the dehydracetic acid series— 

C 4 H 6 0 3 CsHA. o 7 ii 9 no. 

Acetoacetie acid. Dehydracetic acid. Lutidone. 

C fi H 8 0 3 . C 0 H 10 O 4 . CbFuNO. 

Laevulmic acid. Dehydrodiacetyl- a Methyl-a-aceton^l- 
lsevulmic acid. pyrrolene 

It was obtained by heating Isevulinic acid to a very high temperature 
with acetic anhydride. It easily yields, with ammonia, a compound 
which has the formula OgHuNO, which in its turn gives, when 
heated with zinc-dust, pyrrolene, and not pyridine . 

The ^-lactone formula for dohydracetic acid shows at once how 
tins is possible— 

CfcTj-CO-CH/CHyClCH'CO'CH ‘CO. 

o_ _ J 

Dehydrodiacetyllsouilmic acid. 

CH 3 -C:CH-CH:C-CH/C0*CH a - COO H 
N’n h ho, 

ch 3 ^-nh-^ch 2 -co-ch 3 . 

HC-CH 

tt-Methyl-a-acetonylpyrrolene. 

In thm case, by the action of ammonia on the acid, together with 
water, there is no hydroxyl group in the Z-poritiori to tlie nitrogen atom ; 
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consequently a 7 - imido - or pywolene compound is formed . If then 
dehydracetic acid is the 5-lactone of the formula— 

ch 8 -co-ch s -o:oh*co-ch 3 -co 

1 1 » 


it is probably formed by the condensation of 4 mols. of acetic acid, as 
Geuther first suggested in 1866, when he gave it the name dehydr¬ 
acetic acid— 

4 O 2 H 4 O 3 — CaHgOj + 4H»0, 
or 

CH 3 *COj OH "ffj QH a »OO jOH HjOHa-CO lOii^ M |CH 2 -COOH, 

then CH 8 -CO*OH 3 *C:CH-00-CH 3 -00 

O jH O H} 

and it is the 5-lactone of tetracetic acid ; and the following list 
shows the connection between the condensed acids of acetic acid— 

OH 3 -0O-CH 3 -CO-CH a *CO*CH 4 -COOH. 

Tetracetic acid. 

CH3-0O-CH 3 -CO.CH s -CO0H. 

Triacetie acid. 

OH 3 *CO-OH 3 -OOOH. 

Diacetic acid. 

ch*-cooh. 

Acetic acid. 

But the tri- and tetra-acids would of course yield at once 5-lactoncs. 

Up to the present time, triocetic acid does not seem to have boon 
obtained, unless the carbacetic acid of Duisberg, 0 6 H fl 0 3 , be identical 
with its lactone. The ethyl ether of this acid was obtained by 
allowing a solution of hydrogen chloride in ethylic acetoacetate to 
stand for four weeks. 
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XXT.— Phenuvic Acid; Contributions to our "knowledge of its Constitu¬ 
tion, and Relationship with the Phenylmethylfurfui an carboxyl ic Acid 
of PaaL 

By Arthur Coletax, B.A., Ph.D., late Natural Science Postmaster 
of Merton College, Oxford. 

Bv the condensation of ethyl benzoylacetate and sodium succinate in 
the presence of acetic anhydride, Schloesser (. Annalen , 250, 212) 
obtained an ethyl salt of a bibasic acid, which, at the suggestion of 
Professor Pittig, he named phenythronic acid. This acid is the 
aromatic representative of methromc acid, an acid which, as its 
discoverer, v. Eyern, showed, gives, by elimination of 1 mol. of 
carbonic acid, Harrow’s pyrotritartaric acid (Annalen , 201, 141). 
Corresponding to the alternative name “ uvic acid ” for the acid of 
Harrow, Fittig suggested the name phenuvic acid for Schloesser's 
monobasic acid. Fittig interprets the constitution of the acids refeiTed 
to above, as follows:— 


C 6 H,*C—CH-COOH 
COOH-C CH 2 
\/ 


CO 


Phenythronic acid. 


C 6 H 0 *Cj—CH-COOH 

HC CHs 

\/ 


CO 


C 13 H l 0 O^ phenuvic acid. 


CH,*C—CH’COOH 

h8 is, 

Yo 

Pyrotritartaric (uvic) acid. 


Paal (Ber., 16, 2865), by the action of the sodinm compound of 
ethyl acetoacetate upon bromacetophenone, obtained an ether which, 
by subsequent splitting off of the elements of water, yielded the 
ether of an acid which he regarded as phenylmethylfurfurancarb- 
oxylic acid. To this compound, Paal gave, therefore, the constitu¬ 
tion 

CeH^-O-C'CHa 

HC-C-COOH * 


Fittig did not accept this constitution for Paal’s acid, but, regard¬ 
ing it as an isomer of phenuvic acid, assigned to it an analogous 
formula, and interpreted Paal’s reaction as follows. 
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C,H»‘CO , OH-Br + CEkCO-OHtfa-CO-OC.H, 


-NaBr* 0 *^ 00 *^ 

_ i'lam f CHj . C 0-CH-COOBfc. 


C.Hs-CO-^H, 

CHj-CO-CH-COOEt 


„ C.H.-C—0H S 

Ha ° + hc iircooCjHs. 

N (X) 


If the relationship between the acids of Paal and of Schloesser be 
such as Fittig suggests, whether they possess the constitution 
assigned to them by Paal or the one accepted by Fittig, a method 
analogous to the one by which Paal prepared his acid should yield 
Scliloesser’s acid. Accordingly, cliloracetone reacting with the 
sodium compound of ethyl benzoylacetate should yield Schloesser’s 
acid by subsequent elimination of the elements of water and saponifi¬ 
cation of the resulting ether. 


At the suggestion of Professor Fittig, I undertook the examination 
of the reaction between chloracetono and the sodium compound of 
ethyl benzoylacetate. 

In the preparation of the sodium compound of ethyl benzoylacetate, 
;>c grams of sodium, carefully freed from adhering oil, were dis¬ 
solved in alcohol, in a flask provided with a reflux condenser clcsed 
by a calcium chloride tube. The alcohol used had been distilled over 
lime, and then rendered absolute by further distillation over sodium. 
To the cold alcoholic solution of sodium ethylate, 30 grams of ethyl 
benzoylacetate, boiling between 168° and 172° under a pressure of 
20 mm. (comp. Claissen, Per., 20, 651), were added drop by drop with 
vigorous shaking. After the addition of the ether was complete, the 
mixture was gently heated on the water-bath until the alcohol began 
to distil. The theoretical quantity of pure ehloracetone, 14 4 grams, was 
added drop by drop to the alcoholic solution of ethyl sodium benzoyl- 
acetate. No rise of temperature was noticeable, but the separation of 
sodium chloride proceeded in the cold, Half-an-hour’s gentle heat¬ 
ing on the water-bath facilitated the reaction, an increased precipita¬ 
tion of sodium chloride being noticed. Finally, the alcohol was 
evaporated, and the ethyl salt separated by water, and shaken out 
with ether. The product thus obtained was heated with dilute hydro¬ 
chloric acid (1 vol. HC1 : 4 vols. H a O) for about an hour, and then 
distilled with steam. With the exception of a certain quantity of 
resinous matter which was formed, everything passed over with the 
steam. The distillate was clearly divisible into two portions, 

A. A portion, something like 93 per cent, of the whole, distilling 
very rapidly, and having the odour of acetophenone. 
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B. A second fraction continuing to distil during many hours, and 
developing a phenolic odour. 

Each of tbe fractions of the distillate -with steam was shaken out 
with ether, and then, after the evaporation of the ether, gently 
warmed with alcoholic potash. After the alcohol had been all got 
rid of on the water-bath, water was added, and in each case the 
solution was distilled with steam. In the case of both fractions, 
there remained something volatile with steam. Fraction A seemed 
to have been wholly unattacked by the alcoholic potash, and as a 
result of twice fractionating the product of the second distillation 
with steam, a sample of pure acetophenone was obtained, which gave 
on analysis— 

Theory for 

CgHgO. Found. 


C. 6*66 6‘71 

H. 80*00 79*59 


The portion still volatile in steam after heating fraction B with 
alcoholic potash was found to distil between 235° and 240°. This, on 
cooling in a freezing mixture, gave crystals which, when purifitd by 
pressing between filter paper, were found to melt at 38 5—39°, and 
were found to be identical with the neutral compound obtained 
by Schloesser from his acid (phenuvic acid) by elimination of 
carbonic anhydride. 

To the aqueous solutions, after separation of everything volatile 
with steam, hydrochloric acid was added to a neutral or only slightly 
alkaline reaction, and, after decolorising with animal charcoal, were 
concentrated by evaporation. More hydrochloric acid was them 
added, with the result that, in the aqueous solution obtained from 
fraction B, a precipitate was formed, which, on recrystallisation from 
alcohol, and careful drying over sulphuric acid in a vacuum, gave on 
analysis— 

Theory for 

Found. 


0 . 4*95 5-05 

H. 71-29 71*07 


From the mother liquor from which the above acid had been precip¬ 
itated, a crop of crystals of benzoic acid was deposited, after 
several days’ standing in the air. These melted at 119—120°, and 
the calcium salt gave on analysis :— 

0*3128 gram substance gave 0*0510 gram H 2 0 and 0*1300 gram 
CaS0 4 . 

Theory for 

(C 6 H 5 'COO) 3 Ca,Sff s O. Found. 


H,0. 1610 15-84 

Ca.. 11-90 11-88 
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As a result, then, of heating the pi’oduct of the reaction of chlor- 
acctone and ethyl sodium benzoyl acetate with dilute hydrochloric 
acid, there is formed :— 

(a.) Acetophenone in very large quantities. 

(5.) An ethereal salt of an acid of the composition Ci 3 H 10 Oj. 

(c.) Small quantities of a neutral compound melting at 
38*5—39°. 

Iu addition, we find crystallising out of the mother liquid from 
which the acid of the composition OisH^Oj has been precipitated, 
benzoic acid. 

Comparison of the Acid O 13 H 10 O 3 with ScMoesser’s Phenuvic Acid . 

The melting point of a portion of the acid which had been recrys¬ 
tal li&ed from alcohol was taken, and found to lie between the tem¬ 
peratures 144 and 145°. Schloesser gives as the melting point of this 
acid also the temperature of 144—145°. Moreover, a portion of the 
acid actually prepared by Schloesser and some of the acid I had 
obtained were compared, one and the same thermometer being u&ed 
in both cases, and both were found to melt at precisely the same 
temperature, 144—145°. 

The calcium salt was prepared, and its aqueous solution crystallised 
by allowing it to evaporate over sulphuric acid in a vacuum. The 
air-dried salt gave on analysis— 

Theory for 

Found. 


Ca. 7*53 7*54 

H s O.. 9*05 8*95 


The salt was found to be equally soluble in hot and cold water. It 
lost all its water of crystallisation at 160°. Hence, the acid obtained 
ah a result of the action of chloracetono on ethyl sodium benzoyl- 
acetate, by subsequent elimination of the elements of water and 
saponification of the resulting ether, is identical with phenuvic acid. 
Its method of formation, accepting Fittig’b formula, may be thus 
explained:— 

CHyCOCH.Cl + CeH*-CO-CHNa-COOCJH* 

= Na-01 + CHs-CO-CH, 

CsHfi-CO-OH-COOCaH*’ 

CH/CO-CH* _ C 6 H 6 -0—OH-COOC s H 5 

C«H 5 *COCH-CO OOiHfi ~ + HO CH a 
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further, Paal’s acid, phenylmethylfurfurancarboxylic acid, and 
phenuvic acid are, as Fittig (Her., 21, 2135) suggested, isomeric. 

Identity of the Neutral Compounds formed from Phenuvic and Phenyl- 
methylfurfurancarboxylic Acids. 

From a comparison of the properties of the compound obtained 
from phenuvic acid by elimination of carbon dioxide, with those of the 
compound described by Paal (Per., 17, 915 and 2759) as phenyl- 
methylfurfuran, the two would seem to be identical. Specimens of 
the two were prepared, and found to be identical in every respect. 
The melting point determinations were found to give the following 
results:— 

The neutral compound from phenuvic acid, called by Fittig phenyl- 
ketopentene, melted at 38 5—39°; that from Paal’s add, pheny 1- 
methylfurfuran, also melted at 38’5—39°. A portion of the product 
from phenuvic acid caused to crystallise from its solution by the 
addition of a crystal of the second neutral compound possessed exactly 
the same melting point. The boiling point of both substances was 
found to be 241°. The identity of these two compounds is m exact 
accordance with the isomerism of phenuvic and methylphenyllurfiiiun- 
carboxylic acids* 


Constitution of Phenuvic Acid. 

In view of the interesting work of Perkin and Schloesser (Trans., 
1890, 57, 948) on diphenylfurfuran, and the conclusion they draw 
from it respecting the formula of caibuvic add and uvic acid, it may be 
well to detail a few experiments made in the hope of gaining further 
knowledge of the constitution of phenuvic acid, and to summarise the 
evidence so far accnmulated in support of each of the two formula) 
for phenuvic add and allied compounds. 

Tetrahydrometh y Iphe nyIfurf uran. —This was originally discovered 
by Paal (Ber., 17, 2756), who analysed it, and stated that it could 
be distilled over sodium without decomposition. The formula) for 
a tetrahvdro-deiivative, according as we adopt PaaTs formula or 
Fittig’s for the neutral compound, would be— 

CeMC-O-CH-C^ CfcH.'HC—0H 2 

H 2 C-CH* ’ H,0 OH/ 

\/ 

OH<OH 

With the constitution assigned by Fittig to the neutral substance, 
we should expect a tetrahydro-derivative to be capable of existence 
only when endowed with alcoholic properties; whereas, if the con- 
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sfitution proposed by Paal be correct, a tetrahydro-derivative might 
exist, and still be capable of being distilled over sodium without 
decomposition. 

In view of the theoretical importance of this compound, it was pre¬ 
pared as described by Paal, and some of its properties more fully 
investigated. 10 grams of the neutral compound were dissolved in 
about 250 c.c. of alcohol, and treated with 23 grams of sodium; this 
amount of sodium was four times the quantity theoretically neces¬ 
sary for the production of a tetrahydro-derivative. The sodium, after 
having been weighed, was kept in absolute ether until required, and 
was added very gradually. The product, after separating the alcohol, 
was treated with dilute Hydrochloric acid until slightly acid, and then 
agitated with ether ; after evaporating the ether, the residue was dis¬ 
tilled with steam (to free it from small quantities of resinous matter), 
taken np with ether, and eventually fractionated. Asa result of three 
fractionations, it was found possible to obtain a portion (2 grams) 
boiling constantly at 233°. This was analysed with the following 
results:— 

Found. 


Theory for 
0 u H 14 O. 



H. 8-64 8-90 9*00 


0 . 81*48 81*59 81*43 


Action of Sodium on the Neutral Compound ,—Paal having stated 
cliat the compound could be distilled from sodium without change, it 
was determined to examine its behaviour towards sodium more fully. 
In fractionating it over sodium, it was found that in every case the 
sodium was attacked. 

A small quantity, about 0 5 of a gram, was placed in a per¬ 
fectly dry, small, narrow test tube. Tbe tube was closed with 
a well-fitting cork, through which passed a thin glass tubo, finely 
drawn out at the end. A small pellet of sodium was intro¬ 
duced, and the tube heated in a sulphuric acid hath. The sodium 
was immediately attacked, and at 50° the evolution of gas had 
become tolerably energetic. The liquid became dark brown, and a 
dark-brown solid separated, which finally stopped the action of the 
sodium. An exactly similar experiment was tried with the neutral 
compound, but no trace of gas was noticeable, and the substance 
remained quite unacted upon. 

Attempts to obtain from the tetrahydro-derivative an ether by the 
action of benzoyl chloride on the sodium compound formed, as in the 
experiment described above, were unsuccessful. An attempt to obtain 
an ether by heating the hydrogen compound with acetic anhydride 
was also attended with no better success* 
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Action of Benzoyl Chloride .—0*5 gram of the hydrogen compound 
was then heated with benzoyl chloride. The experiment was made 
exactly as in the case where the action of sodium was examined, 
except that the finely drawn out tube was bent downwards. At 35°, 
the liqnid assumed a light-green tint, which darkened as the teinpe- 
lature rose, and finally became dark brown. At 110°, the evolution 
of hydrogen chloride was marked, and only ceased after the lapse of 
lialf-an-hour. This temperature was maintained for another hour, 
and on subsequently raising the temperature to 145°, no further 
evolution of hydrogen chloride took place. The benzoyl chloride, the 
excess of which was removed by long-continued shaking with sodium 
caibonate solution, was used in quantities slightly in excess of the 
theoretical, assuming the* hydrogen compound to be an alcohol. It 
had been freshly distilled, and had a constant boiling point. 

The following experiments were made with the liquid product :™ 
A portion was boiled with a solution of pure sodium carbonate, and 
after removal of the still remaining oil, the solution was tested for 
chlorine. Traces only were found, and on acidifying the solution no 
benzoic acid was precipitated. A second portion was heated with 
caustic potash. After removing the oil still remaining, and then 
acidifying, an abundant precipitation of benzoic acid took place. An 
analysis made with a -view to determine the percentage of tne 
benzoyl radicle in it, gave 28*32 per cent. CeH/CO, instead oi 
39*47 per cent., the theoretical amount if the substance was pure 
benzoic ether. 

It may be that benzoyl chloride, in addition to forming an other, 
causes the elimination of water from the hydrogen compound, and 
this may be the reason of the impurity of the product obtained from 
the action between these two substances. 

Attempts to obtain from the neutral compound a combination witli 
hydrogen bromide failed. Though the experiment was made at the 
temperature of ice-cold water, decomposition of the neutral com¬ 
pound occurred, and no addition of hydrogen bromide was 
accomplished. 

Hydrobromic acid was without action on either Paal’s acid or on 
phennvic acid. 

Some of Paal’s acid was treated with sodium amalgam, care being 
taken to avoid the solution becoming too alkaline ; on adding hydro¬ 
chloric acid, the whole of the original acid was recovered, uncha nged 
in appearance, and showing the correct melting point. 

Conclusions, 

The formation of phennvic acid from acetophenone ethyl benzoyl 
acetate, and of pheryhnethyliurfurancarboxylic acid from benzo- 
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phonone ethyl acetoaootate, as explained by Fittig, supposes .1 
methyl grouping to be instrumental in effecting the inner condensa¬ 
tion, thus:— 


CHyCOCHa 

CA-CO-CH-COOCjH, ’ 


CHj-CO-CH-COOCJI, 

C.Hj-OO-OHa 


CgH 5 (^—CH-COOGsHj, 
HO OH, 

Plienuvic acid. 


C 6 H,-C-CH s 

HO CH-COOCsH* 
X/ 

CO 

Paul’s acid. 


The reaction between ethyl benzoyl acetate and sodium succinate 
is attributed (Her., 21, 2133) to a methylene gtouping in the succinic 
acid:— 

CoHj-CO CH/COOH _ CiHvC (OH)-CH-COOH. 

CjHsO-OC'OHj + CH.-COOH ~ C,H S OOG-OH- OH/COOil 

OJT S .-C-CH-OOOC J H S 
“ C.H,OOC-C CEi 
\/ 


whereby the diethyl phonytbronate results. 

As Perkin and Schloesser (Zoc. oit.) point out, the formation of 
diphenylfurfuran derivatives from dibenzoylsuceinate precludes the 
possibility of a condensation taking place bimilai* to those just given. 
Moreover, from tho analogy in the internal condensation of dibenzoyl 
succinate and diacetyl snccinate, one seems compelled to admit a 
similarity in constitution of the resulting compound, and thus to 
regard carbuvic and uvic acids as furfnran derivatives. 

The support Fittig 22, 2104) found tor liis formula in the 
condensation taking place between pyruvic acid and sodium succinate, 
which Parker and Fittig showed gave a compound 0 & H b O,, and vliose 
constitution Fittig explained:— 


cje 8 -oooh 9 OCH 3 

CHjfCOOH + CO-OH 


= CO, + H,0 + 


00 

HC^H, 
hB—CH-COOH 


no longer holds good. Further investigation has proved the original 
assumption that the compound was a new acid, the parent substance 
of uvic acid, to be wrong. It is now recognised as tbe anhydride 
of pyrocinchonic acid (Ber., 23, 1535). However, the support which 
the existence of a tetraliydride, distilling over sodium undecomposed, 
VOL. L1X. P 
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gave to tlie furfuran formula must now be laid aside. The compound 
is attacked by sodium. Moreover, the experiment with benzoyl 
chloride seems to point to the possibility of obtaining a benzoic ether. 
The failure of nascent hydrogen to act on Paal’s acid is in exact 
agreement with what v. Byern found in the case of methromc acid. 
The bibasic acid dehydromueic acid readily takes up two atoms of 
hydrogen. Here is a marked difference in the behaviour with nas< ent 
hydrogen of compounds supposed to be furfuran derivatives, and of 
dehydromueic acid, which is a furfuran derivative. 

With the evidence that has so far been accumulated, I think it is 
impossible to reject either formula. I have used Professor Fit tig’s 
formula throughout the paper, because it comes most natural to mo to 
regard these compounds in this light, not because of any conviction of 
their absolute accuracy. 

In conclusion, I would say the above work was done in the labo¬ 
ratory of the Kaiser Wilhelm’s Universitat, Strassburg, and I would 
take this opportunity of thanking Professor Fittig for the great kind¬ 
ness he showed me during my student life in Strassburg. 


XXII .—Magnetic Rotation . 

By W. Ostwald. 

Our present knowledge of the relation between the magnetic 
rotation of chemical compounds and their composition and constit u- 
tion is due solely to the work of Dr. W. H. Perkin, who, by his patient 
and searching investigations, has made it possible to establish general 
relations in this branch of science, more particularly among the 
organic compounds. One of the general results of this work is the 
conclusion that the magnetic rotation is an additive property, that is, 
that the magnetic rotation of a compound is the sum of the magnetic 
rotations of its components. 

But this additive character of the molecular rotation only exists as 
a rough approximation, and more precisely only among members of 
the same homologous series of organic compounds. Such slight 
differences as the transition from a compound to one of its isomerides 
causes perceptible alterations in the rotation. Dr. Perkin has taken 
these influences into consideration in the determination of his 
u series-constants,” to which he gives values which depend on the 
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chemical character of each series, whilst the increase in the magnetic 
rotation caused by the addition of a CH 2 group is the same in all the 
different series. 

These facts may be expressed by the statement that the magnetic 
rotation is in the first instance an additive property, but is subject to 
inflnences of a constitutive character. For doubtless the observed 
differences depend on those properties which we are accustomed to 
term differences of constitution. 

A similar behaviour characterises most of the other physical 
properties of matter. A purely additive property is only to be found 
in the mass or weight, the mass of a chemical compound being 
exactly the sum of the masses of its components. All other properties 
are affected more or less by the influence of constitution. In the 
case of the refractive power, this influence is not very great, no great 
differences existing in the refractive powers of isomerides, but 
chemical differences like those between saturated and unsaturated 
compounds are attended by corresponding differences in the refrac¬ 
tive power, as shown by the investigations of Gladstone, Briihl, and 
others. Perfectly similar relations hold also for the molecular 
volumes. 

Other properties, as for instance colour and optical rotation, are of 
so pronounced a constitutive character, that the additive property 
almost entirely disappears. In certain cases it is, however, known 
that a definite alteration in chemical composition is attended by a 
definite change in the wave-lengths of the absorption bands of 
different compounds, and hence, the additive character of this 
property is made evident, although only within narrow limits. 

The magnetic rotation occupies a mid-position among the properties 
above mentioned; it depends in a greater degree on constitution than 
does the refractive power or the molecular volume, and in a less 
degree than colour. Its additive character is more pronounced than 
that of the latter, its dependence on constitution more pronounced 
than that of the former properties. 

Up to the present time, there is a full agreement between all the 
facts known with regard to the magnetic rotation and our generally 
adopted views with regard to constitution, as far as organic com¬ 
pounds are concerned. But when we turn to inorganic compounds, 
we find that this agreement does not exist, and we must therefore 
conclude that our views respecting the constitution of the latter are 
in some points erroneous. 

Dr Perkin has calculated from his observations on oxganic 
chlorides that the atomic rotation of chlorine in these compounds has 
the value 1*73. Combined hydrogen has the rotation 0*25, and 
making an allowance of 0*2 for the free state (Trans., 1889,55,739), the 
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molecular rotation of hydrogen chloride must be approximately 2*18. 
A solution of this compound in isoamyl oxide gave, as a matter ot‘ 
fart, in accordance with this calculation, 2*24. But in aqueous solu¬ 
tion the molecular rotation was found to increase with rising dilution 
from 4'05 to 4 42. In a similar manner, hydrobromie acid gives 7*67 
to 8*52 instead of the calculated value 4 02, and hydriodic acid gives 
17*77 to 18-43 instead of 8*21. 

In accordance with all general principles, we should have to assign 
such marked deviations from the laws governing additive properties 
to some profound change in chemical constitution. Evidence of such 
a change in the passage from organic to inorganic haloid compounds 
does exist. It is well known that whereas the organic chlorides are 
not precipitated by silver niti*ate, the aqueous solutions of the 
inorganic chlorides are, and that while none of the former conducts 
electricity, the latter do, and so on. Such great differences as these 
in behaviour and properties are doubtless connected with correspond - 
ing important differences in constitution, and unless our present 
knowledge is sufficient to give the explanation, it would be necessary 
to discover the cause of such differences as soon as possible. 

In the first instance, it may be asked whether chemical differences 
similar to the above are in every case attended by similar differences 
in magnetic rotation. This has been fully answered by Dr. Perkin’s 
last publication. All aqueous solutions of haloid compounds which 
are precipitated by silver nitrate and are good electrolytes show the 
same high values in magnetic rotation. We have for example 

ETaOl == 5-07, KOI = 5*38, Lid = 4-70, ^CaCl, = 4*54, 
p[gCl 2 = 4*56, ’NR, Cl = 610. 

KaBr = 9-03, KBr = 9*22, NH 4 Br = 10*20. 

ISTal = 18-87, KI = 18*69, NHJ = 20*00. 

These exceptional values are only found in aqueous solutions, and 
such aqueous solutions alone are electrolytes. Hydrogen chloride, 
which, in aqueous solution, is one of the best electrolytes, almost 
totally loses its conductivity when dissolved in organic solvents 
(Kablukoff, Zeit^ physikal Chem., 4, 429). Therefore, as i )r. Perkin 
has found, solutions in a non-aqueous medium alone exhibit the 
ordinary additive property, the magnetic rotation being simply the 
sum of the rotations of the solvent and the dissolved substance. 

But he has also fouud that some aqueous solutions exist which 
possess an additive character. If the above considerations are correct, 
these solutions cannot be good conductors. And indeed the additive 
property only occurs in aqueous solutions of indifferent substances 
such as alcohol, and of weak acids and bases such as acetic, formic, 
and propionic acids, ammonia and its organic derivatives. All theso 
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compounds in aqueous solution are mucli poorer conductors of 
electricity than the strong acids and bases, and we must therefore 
conclude that they only undergo in a very small degree that altera¬ 
tion in constitution which is so marked in the case of the haloid acids. 
Since the salts formed from weak acids are as good conductors as 
those formed from strong ones, we may expect with them also 
marked deviations from the calculated values. No observations have, 
up to the present, been made with such bodies; it would be of inte¬ 
rest to investigate some of these salts, such as ammonium formate or 
acetate. 

As is well known, within recent times, the fundamental difference 
between electrolytes and non-electrolytes has been explained by 
Arrhenius on the theory of electrolytic dissociation. Is it necessary 
to point out that the facts observed by Dr. Perkin are iu foil accord¬ 
ance with this much debated theory, and quite inexplicable by any 
of the older views ? In every case in which we must assume with 
Arrhenius that the compound dissociates into free ions, we find great 
variations in the magnetic rotation, and vice versa. 

The ttansition of a compound into the state of electrolytic dissocia¬ 
tion may be accompanied by an increase in the magnetic r Nation, as 
in the case of the haloid acids, or also with a decrease. Dr. Perkin 
formerly (Trans., 1887, 51, 808) investigated sulphuric and nitric 
acids in the pure state (when they are non-electrolytes) and in aqueous 
solution (when they are dissociated). The former gave :— 

p.HaSO.*. 


H 2 S0 4 . 2*32 

H 3 S0 4 + H 8 0. 2*19 

H 3 S0 4 + 2H a O . 2*11 

H 3 S0 4 4* 3H 3 0 . 2 06 


Here the magnetic rotation of sulphuric acid decreases with rising 
dilution, and the same is also true of nitric acid. In organic com¬ 
pounds, both acids have the same values* as in the pure and undiluted 
state, this being in accordance with the fact that these organic com¬ 
pounds are non-electrolytes. A very conclusive fact is the following:— 
Since the dissociation increases with rising dilution, the difference, 
positive or negative, between the magnetic rotation of the*compound 
in the dissociated and non-dissociated condition mnst also increase 
with rising dilution, that is, the absolute value of the rotation must 
increase with dilation in the case of the haloid acids and decrease 
with sulphuric and nitric acids, as is actually the case. Since the 
aqueous solutions of the ammonium salts'contain these compounds in 
the state of electrolytic dissociation, the molecular rotations of 
ammonium nitrate and sulphate must also be less than the calculated 
VOL. UX. Q 
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values, whilst the haloid salts of ammonium must give greater values, 
These conclusions are also confirmed by Dr. Perkin’s observations. 

It would be possible to point out a number of other instances of 
the agreement between the Arrhenius theoi y and Dr. Perkin’s obser¬ 
vations. But tor those who are acquainted with this wonderful 
theory, the task is a superfluous one, and it would be a useless waste 
of time to enumerate them in this place. For those unacquainted 
with the theory, the above explanations will, I hope, be sufficient to 
induce them to make its acquaintance. 

Phys. Ohem . Laboratory of the University , 

Leipzig. 


XXIII.— Action of Phosphoryl Chloride on Phosphorus Pent oxide. 

By G. X. Hontly, Assoc. R.C.Sc. (Lond.), 

In 1871, Grustavson, in a preliminary note (Ber., 4, 858), described 
the existence of a viscous mass obtained by heating a mixture of 
phosphoryl trichloride with phosphorus penfcoxide in equal molecu¬ 
lar proportions at 200° for 36 hours, This substance he regarded as 
either metaphosphoryl chloride, PChCI. or as a mixture of this sub¬ 
stance with its polymers. In this preliminary note, Gustavson madi* 
no attempt to prove whether this viscous mass was homogeneous or 
not. Geuther, in his memoir on the “Mutual Reactions of tin* 
Chlorides and Acids of Phosphorus” (/. pr. Chem. [2], 8, 35!)), 
attempted to prepare this compound by beating metaphosphoric acid 
with phosphorus pentachloride. He was not able to obtain any 
compound agreeing with tbe chloride PO^CI, but found phosphoryl 
trichloride as the only product. More recently, Thorpe and Tut ton 
(Trans., 1890, 57, 572), by the action of chlorine on phosphorous 
oxide, PiOg, obtained phosphoryl trichloride and a viscous substance 
having tbe appearance and composition of Gustavsou’b chloride. As 
the properties of this singular substance appeared to be woi thy of a 
more extended investigation, I have, at Professor Thorpo’s sugges¬ 
tion, undertaken to make a more detailed examination of the com¬ 
pound. 

To begin with, I repeated Gustavson’s experiment. A mixture of 
phosphoryl trichloride and phosphorus pentoxide, in equal molecular 
proportions, was heated in a sealed tube at 200 u . After 20 hours 
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heating, the greater part of the phosphorus pentoxide was dissolved, 
the whole forming a light-brown, viscous mass. Bat some portions 
of the oxide remained unaltered, and even after 120 hoars at 
200—215°, some unattacked pentoxide remained. The composition 
of this mass is practically given by the proportions of the two sub¬ 
stances put into the tube ; but since, owing to its peculiar properties, 
solvents could only be made to act on a small surface, and since it 
cculd be neither distilled nor crystallised, it was impossible to decide 
whether this mass was really one substance or several, it was noticed, 
however, that it gave off phosphoryl trichloride at 150°, or 50° below 
the temperature at which it was formed. This showed that the 
reaction in the tube was reversible, and suggested an increase in the 
mass of the phosphoryl trichloride relatively to that of the oxide. 
Hence in later experiments the amount of the trichloride varied from 
2 to 4 mols. to 1 of the pentoxide. Under these conditions, on heat¬ 
ing at 200 °, the phosphorus pentoxide slowly dissolves, the solution 
being complete in from 40 to 80 hours. Further beating does not 
appear to affect the properties of this solution. On account of its 
exceedingly hygroscopic properties, it is best kept in small, sealed 
glass bulbs. 

If the product is distilled* in a small, weighed distillation flask, 
pure phosphoryl trichloride (b. p. 107°) distils over. The distillation 
of the oxychloride after a time ceases, the thermometer rising 
suddenly. As the exact composition of the product introduced into 
the flask is known, the weight of the residue will show how 
many molecules of the oxychloride have combined with one of the 
pentoxide, and it is found that equal numbers of molecules of the 
two substances have combined. All the excess of oxychloride above 
this proportion distils over, and the residue remaining in the flask, 
a straw-coloured, viscous mass, has therefore the empirical compo¬ 
sition P 2 O 5 , POCI 3 , or (PO 3 CI)#. In its appearance and behaviour 
on distillation, this mass resembles the substance obtained by the 
action of chlorine on phosphorous oxide. If instead of distilling 
the product it is kept at 105—108°, and a slow stream of air passed 
over it, the same substance is obtained. As these resnlts pointed 
to the formation of a compound polymeric with P0 2 C1, an attempt 
was now made to determine its molecular weight by some cryo- 
scopic method. The choice of solvents is somewhat restricted. 

* In distilling this substance with a thermometer, or in passing a current of air 
over it, neither ordinary nor india-rubber corks can be used. A useful flask for 
distilling this or similar corrosive liquids is made by sealing on to the neck of an 
ordinary Wurtz flask about four inches of glass tubing of such a width that the 
thermometer or leading tube j 11st slides in it. The thermometer is fixed in position 
by a small piece of india-rubber tubing. 

Q 2 
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Phosphoryl trichloride -was finally chosen as the most convenient. 
It melts at about 0°; since there is already an excess of oxychloride 
present, the product is perfectly miscible: further, this excess does 
not interfere with the melting point, so that the depression produced 
is due only to the compound present. On the other hand, phosphoryl 
oxychloride is a difficult substance to keep in a pnre state during the 
time required for a determination; it rapidly absorbs moisture from 
the air and from corks of any kind. The arrangement used is shown 
in Pig. 1. A glass tube B was drawn out at one end to nearly 


Fm. 1. 



i 


KJ 

fit tbe thermometer, the latter being fixed in first with sulphur and 
then with a layer of paraffin on the top as shown by the shading, and 
the whole ground into the main tube. The thermometer was by 
Geissler, graduated to (J., and reading by estimation to 0*01° 0., a 
sufficiently good approximation for the purpose. As the molecular 
depression of phosphorvl trichloride has not hitherto been deter¬ 
mined, preliminary experiments were made with phosphorus tri¬ 
chloride—a substance not known to have any chemical action on the 
oxychloride, and which can easily be obtained in a pure state. 
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A quantity of pure phosphoryl trichloride was prepared by heating 
phosphorus pentoxide with phosphorus pentachloride in sealed 
tubes at 120°. After a preliminary distillation, the resulting liquid 
still contains dissolved hydrogen chloride; the latter may be separated 
either by a current of dry air at 105°, or more conveniently by pro¬ 
longed boiling with a reflux condenser in an apparatus composed 
wholly of glass. The pure substance is distilled directly into the 
freezirg-point apparatus; its melting point, when freed in this way 
from dissolved gas, is +0*80°. The phosphorus trichloride was puri¬ 
fied just before use in a similar manner. The results are tabulated 
below. 


No. of 
experi¬ 
ment. 

Weight of 
1MCL, 
taken. 

Weight of 
PCI* 
added. 

Depression 

produced. 

^ ^concentra¬ 
tion. 

Depression 
oonccntra- * 
tion. 

(i). 

— 

giams. 

0*90 

C. 

1*20° 

4<?-2 

55 5 



3*30 

4*20 

12-6 

53 *0 

44-21 

1-37 

1*62 

32-8 

52 3 

(IV). 

41 SI 

3-30 

4 02 

13'4 

53*9 


The last two observations were made on fresh preparations. The 
whole four lie on a straight line within the error of experiment, so 
that up to concentrations of 8 per cent, the depression of the freezing 
point is proportional to the concentration. Hence, 1 gram-molecule 
of phosphmus trichloride, dissolved in 100 gram-molecnles of phos- 
phoryl trichloride, produces a depression of the freezing point of 0*48°, 
a number differing considerably from the 0*63° of Raoult. From this 
we deduce the latent heat of fusion to be 20*3 cal., using van’t Hoffs 

formula X = ^So far as I am aware, this constant has not 

been directly determined. 

The observations on the product were— 


No. of 
experi¬ 
ment. 

Weight of 
POClj. 

Weight 
of stuff 
added. 

Depression 

produced. 

I/concent ra¬ 
tion. 

Depression 
eoncentra- * 
tion. 

( 1 ) . 

grams 

44 52 

grains 

0*393 

0 . * 
0*39° 

113*3 

44-2 

(II) . 

45*30 

0*826 

0-84 

54-8 

46-1 



On the assumption that the oxychloride passing over on distillation 
is uncombined, this gives a molecular weight of 163. POjCl requires 
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98*4; P 2 0 4 C1 2 , 196*8. But further investigation showed that the 
straw-coloured mass left on distillation is not a single substance, but 
contains at least two compounds. Hence, even if the further assump¬ 
tion be made that each of the substances present exerts its own 
-osmotic pressure independently of the others, or, in other words, that 
Dalton’s law of pressures holds for such a solution, the result is only 
the mean molecular weight of two or more compounds. 

The residue obtained on distillation was now further examined. 
If it consists merely of a solution of phosphorus pentoxide in phos- 
phoryl trichloride, then, on treating it with a neutral solvent, such as 
div carbon bisulphide, the oxychloride will dissolve, leaving a residue 
free from chlorine, and the carbon bisulphide solution will contain 
pliosphoras and chlorine in the ratio of 1 : 3*42. If it consist of <i 
single compound, such as (P0 3 C1) M , it will either be altogether in¬ 
soluble, or will dissolve. If only slightly soluble, the ratio of phos¬ 
phorus to chlorine must be the same in both residue and solution, 
1 : 1*14. The viscous residue was treated with small quantities of dry 
eirbon bisulphide, until nothing further was dissolved. The solution, 
on treatment with water, gives the whole of its phosphorus as ortho- 
phosphoric acid, and has the ratio of phosphorus to chlorine at 
1 : 2*28, agreeing with P 2 0 3 Cl 4 , the pyrophosphoryl chloride of 
Geuther and Michaelis. The residue in the flask, after the extraction 
of the pyrophosphoryl chloride, has the invariable ratio of phosphorus 
to chlorine of 1 : 0*79. 

It has already been mentioned that the substance commences to 
dissociate at 150°. At low temperatures (105—108°), and in a very 
slow stream of air, that is, with a high partial pressure, the dissocia¬ 
tion is practically nil. At the same temperature, in a rapid stream 
of air, equivalent to a reduction of the pressure, more phosphoryl 
chloride is lost. The same result is obtained with the higher pres¬ 
sure at 150°. The curve shows the loss of weight with time in a 
slow, steady stream of dry air at 150°; the curve is of tlio logarithmic 
form, usual in cases of dissocial ion. 

If a bulb thli of the solution containing excess of phosphoryl tri¬ 
chloride is added to pure dry carbon bisulphide, the liquid is turbid, 
but, on standing for some time in a well-closed flask, becomes clear, 
minute drops of liquid being deposited on the sides of the flask. The 
ratio of phosphorus to chlorine for the original substance being as 
1 : 2*367, and for the clear carbon bisulphide solution as 1 : 3*18; it 
is evident from the previous discussion that, besides the excess ot 
oxychloride, some other compound, containing less chlorine, has gone 
into solution. As before, the reaction of this solution with water 
agrees with the supposition that pyrophosphoryl chloride is present, 
since here again only orthophosphoric acid is formed. The insoluble 



OX PHOSPHORUS PENTOXIDE. 


207 



Time. 

drops, precipitated on the sides of the flask, after being washed with 
fresh bisulphide, give, on analysis, practically the same ratio of 
phosphorus to chlorine as before, namely, as 1 : 0*82. 

In another experiment, where the ratio of phosphorus to chlorine 
for the original substance was 1: 2 67, the clear solution, gave 1: 3*01, 
and the well washed residue, which weighed 14*7 per cent, of the 
whole, as 1 : 0*79. A different preparation gave for the same ratio, 
original substance 1 : 2*14, clear solution as 1 : 2*65. Hence, oil 
treating the contents of the tube directly with carbon bisulphide, 
some pyrophosphoryl chloride, together with the excess of phosphoryl 
trichloride, goes into solution, leaving a xesidue of constant composi¬ 
tion, for which the ratio of phosphorus to chlorine is 1 : 0*81. Prom 
the value of the ratio found in the carbon bisulphide solution, the 
relative proportions of pyrophosphoryl and phosphoryl chlorides have 
been calculated. It differs in different preparations, and agrees with 
no simple reaction. It is quite evident from this that the reaction is 
a complicated one, and is not represented by the equation P 2 0* + 
POCl 3 = 3POiCl, given by G ustavson, and reproduced in some of the 
larger text-books. 

Since the boiling points of pyrophosphoryl chloride and phosphoryl 
trichloride differ by ovor 100°, it was thought that further evidence 
might be obtained by fractional distillation in a vacuum. Some of 
the original product was, therefore, placed in a small Wiirtz flask 
with a long condensing tube, which was then rapidly exhausted by 
the Sprengel pump, and sealed. As each fraction came over, the end 
of the condenser containing the liquid was fused off, and the liquids 
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analysed. At 100°, the distillate was pure phosphoryl trichloride, an 
analysis of this fraction giving 69*5 per cent, of chlorine instead of 
69*34. At 180°, an equal number of molecules of pyrophosphoryl and 
phosphoryl chlorides came over; this requires the ratio of phosphorus 
to chlorine to be as 1: 2*07; found 1 : 2*68. 

The chemical reactions of the product obtained by the action of 
phosphoryl trichloride upon phosphorus pentoxide are not very 
definite. If it be assumed that all the oxychloride above tbe propor¬ 
tion P 2 0 5 : POCIi is uncombined, and the distillation experiments 
lead to this conclusion, then the reaction with ice-cold water is 
2»(P0 9 C1) + 3nH a O = aHP0 3 -+- »H 3 P0 4 + 2»HC1; half the phos¬ 
phorus appearing as metaphosphoric acid and the other half as ortho- 
phosphoric acid. With absolute alcohol containing just sufficient 
sodium ethylate to combine with all the chlorine, the chief product 
is diethylphosphoric acid, PO(OH)(OC»H 6 ) 3 , of which the barium salt 
and insoluble lead salt were prepared, and the identity of which was 
determined by analysis. 

With glacial acetic acid, the product gives a dark brown solution. 
On distillation, the whole of the chlorine present passes over as acetyl 
chloride, leaving a tarry, viscous mass in the flask. 

The results arrived at may be summarised as follows:— 

(1.) There is not at present any evidence to show that a substance 
having the composition P0 2 C1, or any multiple of this, 
.exists. 

(2.) The reaction of phosphoryl trichloride on phosphorus pentoxide 
at 200° is not represented by the equation P 8 0 6 -f P0C1 3 = 
3PO a Cl, but is much more complex than this. 

(3.) That at least two compounds are formed in the reaction, one 
of which is pyrophosphoryl chloride, P 2 0 3 C1 4 , and the other, 
which may prove to be a mixture, is of constant composition, 
and from its analysis cannot have a simpler formula than 
P,0 M Cl fi . 

(4.) I have shown, incidentally, that the molecular depression of 
the freeziug point for phosphoryl trichloride, 0 48°, differs 
considerably from the 44 normal* * or a vers go value given by 
Raoult, 0*63°. 

In conclusion, my thanks are due to Professor Thorpe, to whom I 
am much indebted for advice and assistance throughout this work. 

Royal College of Science , 

London. 



XXIY. — Chlorinated Phenylhydrazines. 
By J. T. Hewitt, B.A., B.Sc., Assoc. R.C.S. 


I v the following paper, orthochlorophenylhydrazine and some of its 
more important derivatives are described, and an account is also given 
of the action of carbamide on parachlorophenylhydrazine. The work 
was undertaken at the instance of Dr. Ruhemann, to whom I owe my 
best thanks for help afforded me during this investigation. 

The orthochlorophenylhydrazine hydrochloride , CgB^Ol'NH'HHgjHCl 
[Cl: N = 1 : 2], was prepared from orthocliloraniline; 45 grams of 
the latter were dissolved in 675 grams of concentrated hydrochloric 
acid, and diazotised by 26 grams of sodium nitrite dissolved in 180 
grams of water. The solution of the orfchochloraniline was well 
cooled in a freezing mixture, and the sodium nitrite solution added in 
small quantities at a time, the mixture being allowed to stand between 
each addition until the nitrous smell had disappeared. The solution was 
then rapidly filtered, and 152 grams of stanuous chloride dissolved m 
an equal weight of concentrated hydrochloric acid added. Instead of 
an immediate, bulky, white precipitate, as is usually the case in the 
preparation of aromatic hydrazines, the hydrochloride did not come 
down for about half an hour, when the solution became pasty owing 
to the formation of long crystals of the hydrochloride, which were 
collected and dried on porous plates. As the hydrochloride thus 
prepared carries down with it a considerable amount of tin, its aqueous 
solution was treated with sulphuretted hydrogen, the tin sulphide 
filtered off, the filtrate decolorised with animal charcoal, when neces¬ 
sary, and evaporated on the water-bath. 

After drying, the salt gave on analysis numbers agreeing with the 
formula 0«H,01-HH*XH„HC1. 


Found. 


Calculated for ( - K -. 

C a H a N s Cl a . I. II. ILL 


0 . 40*22 40*82 — 

H. 4*47 5*09 — 

N. 15*64 — 15-81 — 

Cl. 39*67 — — 39*4 L 


The hydrochloride forms long, colourless needles, which darken at 
181—183°, and melt at 190° with decomposition. It is readily 
soluble in water and alcohol, and the aqueous solution reduces 
Feliling’s solution and mercuric chloride. 

The hydrazine was first obtained by the addition of potash to the 
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aqueous solution of the hydrochloride and extraction with ether; on 
distilling off the ether, an cily liquid was left. Attempts were made 
to distil this, but even at a pressure of 45 mm. it was found that the 
oil split up on distillation, yielding orthochloraniline and ammonia. 
The base was then isolated by treating the hydrochloride with a 
concentrated solution of sodium acetate, agitating with ether, evapo¬ 
rating the ethereal solution, and drying the residue over calcium 
chloride for some days, when a clear, orange-coloured oil was obtained. 
A chlorine determination of this oil showed it to be orthochloro- 
phenylhydrazine, CeHtOl'NH'NHo. 


Calculated for 

C 6 H;ClN rt . Found. 

01. 24*91 24*49 


Ort7iochlorop7tenylsemicarhnsi<7e is produced on adding a solution of 
potassinm cyanate to orthochlorophenylhydrazine dissolved in water. 
If the solutions are concentrated, the mixture nearly solidifies to a 
mass of colourless plates, which are recrystallised from boiling water, 
in which they are sparingly soluble. This compound melts at 164°, 
and gave on analysis numbers corresponding with the formula 
C^Ci-NH-lSrH-CONH.. 


Calculate! for 
C 7 U 8 N 3 C1U. 


C. 45-29 

H. 4*31 

1ST.•. 19*14 


Found. 

tT ir. iiT. 

41-73 45-68 — 

5-53 4-01 — 

— — 19-70 


Ort7iocMoropJienyl-phenyU7iio<tem.icarbazide is formed on adding 
phenylthiocarbimide to an ethereal solution of the free hydrazine 
Oji evaporating the ether, thin, yellow plates are left, which when re¬ 
crystallised from alcohol melt at 134°. The following values corre¬ 
spond with the formula CgHiCl-NH-NH-CS-N'H'CsHs. 


Calculated for 

CbHjjCIKjS. Found. 


Cl. 12*79 12*97 

S. 11*53 11*23 


An ethereal solution of this compound acquires a deep green colonr 
when shaken with an aqueous solution of copper sulphate; this 
is intensified on addition of ammonia. 

Or*hoch loropTienylkydrazinepyruvic Acid , 

C 8 H 4 CH5T 1C ( CH 3 ) *C OOH. 
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—On adding pyruvic acid to tlie free hydrazine or, better, to an aqueous 
solution of the hydrochloride, a lemon-yellow flocculent precipitate is 
thrown down consisting of needles which, after recrystallisation trom 
alcohol, melt at 178°. This substance gave on analysis the following 
numbers:— 


Calculated for 
C 9 H 9 ]Sr 2 C10j. 


C. 50*82 

H. 4*23 

IT. 13*18 

Cl. 16*71 


Pound. 

f -*-\ 

i. ir in. 

50-65 - — 

4*58 — — 

— 13*28 — 

_ _ 16-38 


This acid is readily soluble in alcohol, alkalis, and ammonia, but 
insoluble in sodium carbonate. 

The ethyl salt is readily obtained by heating the alcoholic solution 
of the acid for some time with the addition of a few drops of sulpli- 
uiic acid. On adding water to the solution, a nearly colourless 
aggregate of needles is thrown down, which after recrystallisation 
trom dilute alcohol melt at 168°. 

Aldehydes and ketones (such as benzaldehyde, acetone, and aceto¬ 
phenone), added to solutions of the hydrochloride, yield colourless or 
pale-yellow precipitates on the addition of a concentrated solution 
of sodium acetate, but the compounds thus formed are so unstable 
that I was unable to further investigate them. 

Parachlorophenylhjidrazine has already been described by Elsings- 
horst (Inaug. Dissert., Miivchen, 1884) ; I have studied its reactions 
with certaia substances closely related to urea. Fischer has studied the 
reaction of phenyl hydrazine with potassium isocyanate (Annahn, 190, 
113), whilst Pellizari ( Oazzetta , 16, 200) and Pinner (Her., 20, 2358) 
both acted on this hydrazine with carbamide. In both cases phenyl* 
semicarbazide resulted. This work on the reactions of carbamide 
derivatives with phenylbydrazine was further extended by fckinuer 
and Ruhemann (Trans., 53, 550), who heated ethyl carbamate with 
phenylbydrazine, obtaining diphenyloarbazide; they also completed 
the series of semicarbazides and carbazides containing phenyl groups, 
by acting on phenylhydrazine with other compounds related to carb¬ 
amide. 

Action of Parachlorophenylhydrazine on Ethyl Carbamate .—A mix- 
tuie of 2 mols. of parachlorophenylhydrazine with 1 mol. of ethyl 
carbamate was heated over a small flame until ammonia ceased to be 
evolved. On cooling, the liquid solidified to a mass of crystals, which 
on washing with ether were obtained colourless. They are somewhat 
soluble iu boiling water, readily in hot alcohol, melt at a temperature 
above 250°, and give no colour reactions with copper sulphate, mer- 
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curie chloride, or ammonia. Analysis showed that they were not the 
earbazide but diparachlorophenylcarbamide, C0 • 

Round. 

Calculated for f -*-* 

Ci,H 10 N 2 O1 2 O. I. II. 


01 .. 2619 — 26 58 

N . 10*33 10*52 — 


The ether used for washing the crystals of the disubstitnted carb¬ 
amide left a crop of colourless crystals on evaporation, which I intend 
to examine further. 

Parachlorojphenyl-phenylsemithiorarbazide .—The seraithiocarbazide, 
C 6 H 4 01 *NH‘NH-CS-Is t H-C 6 H5 [Cl: N = 1:4], was obtained by adding 
phenylthiocarbimide to an ethereal solution of the hydrazine. On 
evaporation, yellow crystals were deposited which are sparingly 
soluble in hot alcohol, and crystallise from it in pale-yellow plates 
melting at 149°. They gave the following numbers on analysis :— 


Calculated for 


uouna. 

Cl. 12*79 12*98 

S. 11*53 11*85 


An ethereal solution of this compound becomes green when shaken 
with an aqueous solution of copper sulphate, and this colour is not 
destroyed on the addition of ammonia. The colour reaction is ana¬ 
logous to that pointed out by Skinner and Ruhemann (loc. oit) for 
phenylsemithiocarbazide. 


Paraclilorophenyhirazole .—Pinner was the first to prepare phenyl- 
urazole by heating one part of phenylhydrazine hydrochloride with 
one and a half parts of carbamide (Per., 20, 2358). The samo com¬ 
pound was afterwards prepared by Skinner and Ruhemann (Zoc. cit.) 
by heating phenylhydrazine with biuret. The latter method was 
employed to convert parachlorophenylhydrazine into parachloro- 
phenylnrazole. Equal weights of biuret and parachlorophenylhydr¬ 
azine were heated over a small flame, ammonia was evolved, and on 
cooling the mass solidified. This was extracted with hot dilute 


alcohol, boiled with animal charcoal, filtered, and crystallised, when 
aggregates of needles melting at 266° were deposited. A chlorine 
estimation showed this substance to be parachlorophenvlurazole. 
CfiHiCl-N—CO. _ _ _ „ 


^ Ht(X) >Nn [Cl : N = 1 : 4], 


Cl 


Theory for 
CsHeNjjClO* 

16*31 


Found. 

16*37 
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The reaction takes place according to the equation 


CJHiCl NH . HjN'OO^ XTrT _ C^Cl-IT-CO 


NH S + H,N-CO >1SrH 


iirH.co> NH + 2NH ^ 


being analogons to that observed in the formation of phenylurazole 
Parachlarophenylhydrazine Farahanate. —A parabanate of phenyl- 
hydrazine was prepared by Skinner and Ruhemann by the addition 
of a concentrated solution of sodinra acetate to a mixture of solutions 
of phenylhydrazine hydrochloride and parabmic acid. The corre¬ 
sponding parabanate of parachlorophenylhydrazine may be obt lined 
in a similar manner. Patachlorophenylhydrazine hydrochloride dis¬ 
solved in water is added to a solution of parabanic acid, and treated 
with an excess of sodium acetate solution. After the lapse of a few 
minutes, groups of needles separate, which melt at 213° with decom¬ 
position. A chlorine determination showed that this parabanate 
contains 1 mol H a O, like the phenyl hydrazine parabanate. The 
lormula CjOjNjH 2 ,2 ( C 6 H-N 2 C1), H ,0 requires:— 


Theory for 

Found. 

Cl . 17*02 17 00 


The parabanate is slighty soluble in boiling water, probably owing to 
the formation of an oxalurhydrazide, 

NHa-CO-lSrH-CO-CO-NH-NH-C.HiCl. 

Action of Chloroform and Alcoholic Potash on Paruf hloroplievylliydr- 
Hzine .—The isonitrile reaction was applied to parachlorophenylhydr- 
azine with the view of preparing the parachlonnated derivative of 
diphenyltetrazine. A mixture of chloroform with an alcoholic 
solution of parachloi'ophenylhydrazine was treated with alcoholic 
potash. The reaction-started by itself, and was completed by heating 
for some time on the water-bath. The product of the reaction was 
then allowed to cool, and after addition of w-ater shaken with ether; 
the ethereal solution was then agitated with dilute sulphuric acid in 
order to remove the unaltered hydrazine. On evaporating the ether, 
a dark-colonred residue was left, which was boiled with water and 
filtered from a resinous matter; the hot filtrate deposited colourless 
needles on concentration. These darken at 13-5° and melt at 152°. 
A nitrogen determination showed this compound to be formyl-para- 
chlorophenylhydrazine, C 6 H 4 C 10 ^H*NH*CHO. 

Calculated for 

C 7 H 7 N 2 C10. Found. 

IT. 17*67 17*43 

The resinous mass left on the filter yielded minute crystals ou 
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allowing it to stand for about a week; these probably consisted of the 
desired tetrazme, but the amount obtained was not sufficient for 
analysis. 1 hope shortly to return to the study of this reaction, and 
to communicate to the Society the results arrived at in the case of 
this and other chlorinated phenylhydrazines. 

University Laboratory , 

Cambridge . 


XXV.—Action of Reducing Agents on ax'-Diacetylpentane. Synthesis 
of Dimethyldihydroosylteptametiiylene. 

By F. Stanley Kipping, Ph.D., D.Sc., and W. H. Pebain, Jnnr., 
Ph.D., F.R.S. 

aa*-Diacetylpentane, a diketone which has the constitution 
COMe-[CH 2 ]/COMe, 

as is proved by its method of preparation and propeities (comps re 
Trans., 1889, 55, 330), behaves in a most remarkable maimer both 
with dehydrating and with reducing agents. 

When treated with concentrated sulphuric acid under suitable con¬ 
ditions, it is converted into a compound of the composition CoH J4 0, 
which, as has been previously shown (Trans., 1890, 57, 13), is, 
doubtless, a methylacetyltetrahydrobenzene of the constitution 

uu '<oH;S“> i>C0Me - 

On reduction with sodium in moist ethereal solution, aa'-diaoetj 1- 
pentane yields as principal product a colourless liquid of the compo¬ 
sition C 9 Hi$ 0 3 ; the formation of this compound is represented by the 
equation 

CiH 16 0 3 + H 3 = C 9 H 1 b O> 

The method of preparation, properties, and some derivatives of this 
reduction pioduct are described in the present paper, as are also 
various experiments which were made with the object of ascertaining 
its constitution ; the results of these experiments seem to prove satis¬ 
factorily that the compound in question is a dimeihyldihydroxyhepta- 
methylcne of the constitution 

CH ^H/OHs-CMe-OH 
8 TH/CH/<WoH * 
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Tlie formation of a heptametliyleue derivative in this simple 
manner is an extremely interesting reaction, -which may be regarded 
as analogous to the prodnction of pinacone fiom acetone; the only 
difference between the two ieactious is that in the formation of 
pinacone, combination takes place betw een two carbon atoms of two 
different acetone molecules, yielding an open-chain compound, 
whereas in the case of dimethyldihydroxyheptamethylene a closed- 
chain derivative is lormed by the union of two carbon atoms of one 
and the same molecule of diacetylpentane. 

The analogy betw een the two reactions is clearly shown with the 
aid of the following equations :— 

(OH,)iC*OH 
+ 8 ~ (CH^C-OH ’ 


(CH 3 ) i CO 

(Cf^CO 


ch 2 < 


CH 3 -CH 2 -C(CH,)0 

CHj’CHi*C(CHg)0 


+ 


tt _ .CH/CH.-CCCHO-OH 
2 ° 2< CH 2 -CH 3 -6(CH 3 )-OH' 


Constitution of the Reduction Product of ctex!-Diacetylpentane. 

In endeavouring to assign the correct constitutional formula to the 
i eduction product of diacetylpentane, it is, in the first place, im¬ 
portant to notice that the compound in question is formed by the 
addition of only two atoms of hydrogen to the diketone, a fact which is 
conclusively proved by the results of twelve analyses. Although many 
different samples have been analysed, the quantity of hydrogen found 
was never more than 11 75 per cent., usually about 11‘5 per cent., 
Jesuits which agree very closely with those required for a compound 
of the composition C 9 Hi 8 02 , which contains 11*39 per cent, of 
hydrogen. 

A compound of the constitution OH*CHMe*[CH a ]**CHMe*OH 
which, it might be expected, would be produced by tbe reduction of 
the diketone, is evidently not formed in any appreciable quantity 
under the conditions employed in our experiments, as sneb a com¬ 
pound would contain 12*5 per cent, of hydrogen. 

JSTow a compound of the composition (\HmO 2 , obtained by reducing 
aa'-diacotylpentane, OOMe’fOHiJc'OOMe, may, theoretically, have 
the constitution represented by one of the following formulae:— 

I. II. 

nfT -CHV<TBVCOMe nu CH 2 -CH 2 -CMe-OH 

u u *^CH 2 -OH 2 -CHMe-OH * ° 2 ^CH 2 -CH 2 -CMe-OH ’ 

1 f its constitution be expressed by formula I, it would, in all prob¬ 
ability, show the following behaviour:— 
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1. It would combine with hydroxylamine to form an oxime of the 
constitution 0H'Nr0Me*fCH 3 ] o ’CHMe-0H, and with phenylhydr- 
azine to form a hydrazone of the composition OgHigOI^HPh. 

2. It would be converted into a monacetyl-derivative of the con¬ 
stitution COAJe # [CHi] 5 *CHMe*OAc, on treatment with acetic an¬ 
hydride. 

3. When treated with hydrobromic acid, a monobromo-derivative 
of the constitution COMe*[CH a ] 5 -CHMeBr would be prodnced, 
whereas phosphorus pentabromide would convert it into a tribromide 
of the constitution C Me B iv [ C H 2 ] CHAieBr. 

4. It would be easily reduced to a dihydric alcohol of the constitu¬ 
tion OH*CHMe*[CH 2 ] 5 'CHMe*OH by sodium amalgam, zinc-dust and 
hydrochloric acid, or some other suitable reducing agent. 

5. When heated with concentrated hydriodic acid and amorphous 
phosphorus at a high temperature, it would be converted into a 
hydrocarbon of the paraffin series having the constitution 

CH 3 -[CH 2 ] 7 -CH 3 . 

The behaviour of the reduction product with each of the reagents 
just enumerated was carefully examined, iu most cases the experi¬ 
ments being repeated several times under varied conditions; the 
results were, however, completely at variance with those which, in 
all probability, would have been obtained bad the reduction product 
been a ketone alcohol; its constitution cannot, therefore, be repre¬ 
sented by formula I. 

On the other hand, the chemical behaviour of the reduction 
product is exactly what might be expected, assuming that it is a 
dihydroxy-compound of the constitution expressed by formula II; 
this will be evident from a consideration of the following facts:— 

1 . It does not combine with hydroxylamine or with phenyl- 
hydrazine, 

2 It yields a diacetyl-derivative of the composition wiih 

acetic anhydride. 

3. Phosphorus pentabromide converts it into a dibromide of tlie 
composition C*H ie Br 2 ; this substance seems also to be formed with 
'difficulty on prolonged heating with concentrated hydrobromic acid.„ 

4. It is not acted on by such reducing agents as zinc and hydro¬ 
chloric acid in alcoholic solution, sodium amalgam, sodium and 
alcohol. 

5. On reduction with hydriodic acid and amorphous phosphorus, it 
is converted into a hydrocarbon of the composition 0 9 H 18 . 

These facts are, we believe, amply sufficient to warrant the con¬ 
clusion that the reduction product of aa'-diacetylpentane is a di- 
methyldihydroxyheptamethylene of the constitution 
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CH ^CHa-CBk-OMe-OH 
^CHa-CHa-CMe-OH' 

The derivatives of this compound, which are referred to above, and 
described in the experimental part of the paper, have, therefore, tho 
constitutions represented by the following formulae:— 

DimetTiy Idihydroxyheptam ethylene diacetate, 

CHa-CH 3 -OMe-OAc 
° ^CHa-CHa-OMe-OAo ‘ 

DiniethyMibromoheptamethylene, 

CH,-OH s -GMeBr 
3 ^CH*-CH a -CMeBr ’ 

I)imethylheptamettylene 9 

PTT ^0H 2 -0H s -CHMe 

3 ^CH 3 *CH 2 *CHMe’ 

The compounds obtained in the course of this investigation are, wo 
believe, the first and only derivatives of the 7-carbon ring—hcpta- 
methylene—which have yet been prepared, and the constitution of 
which has been proved with any degree of certainty. 

Markownikoff has, however, lately published an interesting paper 
on some compounds obtained from suberone ( Oompt . rpnd., 110 , 
466—468), which, including suberone itself, he considers to be 
derivatives of heptamethylene; and by reducing suberonyl alcohol 
with hydriodic acid, he obtained a hydrocarbon of the composition 
G 7 H 14 , which he supposes to be heptamethylene. 

It appears to us that the results obtained by Markownikoff can 
be equally well explained on the assumption that suberone is a 
metbylketohexamethylene, a dimethylketopentamethylene, ox* some 
other ketopolymothylene dexivative, and that as yet no evidence has 
been brought forward to warrant the conclusion that suberone is a 
heptamethylene derivative. 




CHi-CEt-CMe-OH 

CH 3 *CH 3 *CMe*OHf 


Dimethyldihydroxyheptamethylene (dimethylheptamethylene gly¬ 
col) and small quantities of a condensation product of high molecular 
weight are obtained by the reduction o£ &a! - diace tylpe ntans in the 
following manner:—A solution of the pure diketone in 5 to 6 times 
its volume of pure ether is poured into a large bottle which contains 
VOL. lix. R 
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about 150 c.c. of concentrated soda, and is provided with a reflux 
condenser. Sodium is then added in small portions at a time, any 
considerable rise of temperature being avoided by immersing the 
bottle in cold water. When the reduction has proceeded for some 
time, the metal becomes covered with a thick layer of a colourless 
sodium derivative of the glycol, and in some cases a considerable 
quantity of this compound is deposited on the sides of the vessel, but 
on agitating the alkaline liquid, it gradually passes into solution. 
The addition of sodium is continued until 6 to 8 times the quantity 
theoretically necessary for complete reduction, that is, 4 atoms of 
sodium to 1 mol. of the diketone, has been employed. 

The ethereal solution is then separated, the alkaline liquid ex¬ 
tracted once or twice with ether, the combined ethereal solutions 
very carefully dried over anhydrous potassium carbonate, filtered, 
and evaporated, when there remains a yellowish oil, the weight of 
which is about the same as that of the diketone employed. The crude 
product is submitted to fractional distillation under reduced pressure, 
say, 180 mm.; the thermometer quickly rises to 195°; almost the 
whole of the product passing over between 195° and 205°, the tem¬ 
perature then rises rapidly to about 300°, when a thick, yellowish oil 
collects in the receiver. The quantity of this compound of high boil¬ 
ing point is only abont 3—6 per cent, of the crude reduction product; 
it will be referred to again hereafter. 

The portion passing over between 195° and 205° consists of slightly 
impure dimethyldihydroxyheptamethylene, from which the pure com¬ 
pound can be easily obtained by submitting it to repeated fractional 
distillation under reduced pressure. 

Analyses of various preparations of the pure compound gave the 
following results •— 

I. 0-2016 gram substance gave 0*5062 gram CO> and 0*2098 gram 
H s O. 

II. G’1852 gram substance gave 0*4624 giam CO s and 0*1923 gj*axn 
H a O. 

III. 0*2112 gram substance gave 0*5266 gram CO a and 0*2178 gram 
H a O. 


Calculated for 


CgHuO* 

C. 68*36 p. c. 

H. 11*39 

O. 20*25 „ 


Found. 

_A_ 


II. 

m. 

68-5 

68-1 

68'0 p. c. 

11-6 

11-5 

11-5 „ 

20-9 

20-4 

20-5 „ 


Dimetbyldihydroxyheptamethylene is a moderately thick, colour¬ 
less oil, with a sharp, burning taste, and a characteristic smell re- 
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calling that of thyme; it is specifically lighter than water, and is 
volatile with steam and alcohol vapour. It hoi Is at 201° nnder a 
pressure of 180 mm, at 203—205° under a pressure of 186 mm., and 
at 180—185° under a pressure of 100 mm., the thermometer being 
entirely in the vapoui in all three cases; when cooled below 0°, it 
becomes very thick, but shows no signs of crystallising even when 
kept below 0° for some time. 

It is miscible with alcohol, ether, chloroform, glacial acetic acid, 
&c., in all proportions, but is only sparingly soluble in cold water, 
from which it separates again on warming or on adding sodium 
carbonate; it is insoluble in soda. It dissolves in concentrated 
sulphuric acid with development* of heat, and it is also soluble in 
concentrated hydrobromic acid, although it quickly separates from 
the solution again, having been partially converted into an insoluble 
bromide. It does not combine with sodium hydrogen sulphite, 
hydroxylamine, or phenylhydrazine, but it is readily acted on by 
boiling acetic anhydride, yielding a diacetyl-derivative, and by 
phosphorus pentabromide, which converts it into an oily dibromide. 

It is a curious fact that a mixture composed of about 94 per cent, 
of dimethyldihydroxyheptamethylene, and about 6 per cent, of water, 
has approximately the same boiling point as the anhydrous glycol, 
and is not separated into its constituents on fractional distillation 
under reduced pressure. This fact was brought under our notice at 
an early stage of the investigation in the following manner:—The 
ethereal solution of the crude reduction product of diacetylpentane, 
having been treated for a short time with anhydrous calcium chlor¬ 
ide, was evaporated, the residue submitted to fractional distillation 
under a pressure of 150 mm., and the portion passing over between 
197—199° collected separately. 

Two analyses of this liquid gave the following results:— 

I. 0*1760 gram substance gave 0*4161 gram C0 2 and 0*1854 gram 
H a O. 

II. 0*1432 gram substance gave 0*3386 gram CO> and 0*1528 gram 

H*0. 

Found 



Calculated for 
OgHjgOj + 6 p. c. HiO. 

r~ 

n. 

0... 


64-5 

64*5 per cent.' 

H... 

. 11-4 „ 

11-7 

11-7 „ 

O.. 

. 24*3 

28-8 

23-8 „ 


This fraction (b. p. 197—199°; 150 mm.) was distilled again under a 
pressure of 100 mm., the portion passing over between 182° and 186° 
collected separately, and analysed :■ 
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0*1640 gram substance gave 0*3850 gram C0 2 and 0*1737 gram 
H s O. 

Calculated for 

C g H 18 0 2 + 6 p. c. of H 3 0. Found. 


C . 64*3 per cent. 64*6 per cent. 

H. 11*4 „ 11*7 

0. 24*3 „ 23*7 


Water is, doubtless, tbe impurity to which tbe low percentage of 
carbon found is due, because when anhydrous potassium carbonate is 
employed for drying the ethereal solution, other conditions remaining 
the same, the glycol is easily obtained in a pure condition; the 
experiments show, moreover, that the water cannot be eliminated by 
fractional distillation, just as is the case with other mixtures of like 
nature. 


Sodium Derivative of D imetliyldLJiydroxyh eptamethylene. 

This compound frequently separates from the ethereal solution in 
the preparation of dimethyldihydroxyheptamethylene in the manner 
described above. In order to determine its composition, some of the 
substance adhering to the sides of the bottle, and out of contact with 
the aqueous alkali, was picked out, quickly washed with ether on a 
porous plate, and then kept for some days in a desiccator. 

The analyses of three different samples obtained in this way, and 
quickly weighed from stoppered bottles, gave the following results:— 

I. 0*3362 gram substance gave 0*1156 gram Na^SO*. 

II. 02932 „ „ 0*1022 

HI. 03254 „ „ 01112 

Found 

Calculated for , -*-. 

C 9 H 17 0 3 Na + H s O. I II. III. 

Na.. 11*5 per cent. 111 11*3 11*1 per cent. 

These analyses show that the compound is a mono-sodium derivative 
of the glycol, containing, very probably, 1 mol. of water. Iu spite of 
the hygroscopic nature of the substance, there is no reason to suppose 
that this view of its composition is incorrect, since ethyl sodaceto- 
acetate and other compounds of like nature have been proved to 
contain water of crystallisation. 

The sodium derivative of the glycol is a colourless, semi-crystal- 
line, deliquescent compound which gradually decomposes on exposure 
to the air or when heated at about 50—60° in the air; it melts below 
100 °, and is quickly decomposed by cold water, but rather slowly by 
vary concentrated soda. 
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It is, perhaps, unnecessary to remark that the formation of a mono- 
instead of a di-sodium derivative, under the conditions described 
above, cannot be regarded as evidence against the view that the 
reduction product is a dihydroxyheptamethylene derivative. 

Constitution of Dimethyldihych'oxyheptamethylene. 

In accordance with the views put forward in the introduction, the 
reduction product of diacetylpentane may, theoretically, have the 
constitution represented by one of two formulas (p. 215) : in one case 
it would be an open-chain ketone-alcohol, in the other a closed-chain 
dihydric alcohol. It was necessary, therefore, in the first place, to 
investigate its behaviour with phenylhydrazine and with hydroxyl- 
amine ; the following experiments were made for this purpose. 

Behaviour of the Reduction Product with Phenylhydrazine. —A small 
quantity (3 grams) of the crude reduction product was heated at 
about 100° for three hours in sealed tubes with phenylhydrazine 
hydrochloride (4*8 grams) and sodium acetate (4*5 grams) in dilute 
alcoholic solution. The clear solution was then diluted with a large 
volume of water, the precipitated oil extracted with ether, the 
ethereal extract washed with very dilute hydrochloric acid, dried 
over calcium chloride, and evaporated. The yellowish, oily product 
weighed 2*8 grams, and showed all the properties of the original 
reduction product; a qualitative examination showed that it con¬ 
tained a trace of nitrogen, but the quantity was so small that it was 
quite evident that the formation of a hydrazone had not taken place. 

Behaviour of the Reduction Product with Hydroocylamine. —Two 
experiments were made under different conditions, in order to try and 
prepare an oxime of the reduction product of diacetylpentane, but 
both were unsuccessful. In the first, the crude reduction product 
(4 grams) was treated with hydroxylamine hydrochloride (4 grams) 
and potassium carbonate (3 grams) in dilute alcoholic solution for 
three days at the ordinary temperature. After evaporating most of 
the alcohol on the water-bath, the residue was extracted with ether, 
the solution dried over calcium chloride, and evaporated, when there 
remained a light-yellow oil (3*8 grams) ; this oil contained a trace of 
nitrogen, but was insoluble in alkalis, and possessed all the properties 
of the original reduction prodnet. 

In the second experiment, the pure compound (3 grams) i^as 
treated with hydroxylamine hydrochloride (1*4 grams) and potash 
(5 grams) in dilute methyl alcoholic solution according to Auwers* 
method. After keeping the mixture for two days at the ordinary 
temperature, the alcohol was evaporated, the oil extracted with ether, 
the ethereal solution washed with very dilute hydrochloric acid, dried 
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oyer calcium chloride, and evaporated. There remained a yellowish 
oil (2*4 grams) which did not contain a trace oE nitrogen, and which 
showed all the properties of the original compound. 

Behaviour of the Reduction Product with Reducing Agents .—Although 
the above experiments had shown pretty conclusively that the re¬ 
duction prodnet does not contain a carbonyl group, it seemed 
advisable to obtain further experimental proof that such is in reality 
the case by investigating its behaviour with reducing agents in the 
manner described below:— 

JEJxjp. 1.—The pure reduction product (about 20 grams) was dis¬ 
solved in alcohol, and zinc-dust and hydrochloric acid added to the 
boiling solution in small portions at a time, the operation taking 
about three hours; the solution was then diluted with water, the pre¬ 
cipitated oil extracted with ether, and again submitted to the same 
treatment with zinc-dust and hydrochloric acid. Finally, the product 
was fractionated, and the portion passing over between 205° and 215° 
(210 mm.), which formed about 70 per cent, of the whole, collected 
separately and analysed; the percentage of hydrogen was found to 
be 11*6, proving that in this case also reduction had not taken place. 

JEJxp. 2,—The original reduction product was dissolved in dilute 
alcohol, and a large quantity of sodium amalgam added to the boiling 
solution, in small portions at a time. The product, isolated in the 
usual manner, was fractionated under a pressure of about 280 mm., 
and the portion boiling at 200—210° collected for analysis. It was 
found to contain 11*57 per cent, of hydrogen, and to possess all the 
properties of the original compound. 

JSxp. 3.—The pure compound (16 grams) was dissolved in alcohol 
(100 grams), and sodium added in small portions at a time, the 
process being continued until a large excess (26 grams) of the metal 
had been employed, dilute alcohol being added from time to time 
whenever the reaction began to slacken. The alcohol was then 
evaporated as completely as possible, the residue diluted with water, 
the precipitated oil extracted with ether, dried, and fractionated 
under reduced pressure. Two analyses, made with different portions 
of the product, gave 11*72 and 11*76 per cent, of hydrogen respect¬ 
ively, proving conclusively that reduction had not taken place, since 
the addition of 2 atoms of hydrogen to the original reduction product 
would increase the percentage of hydrogen from 11*4 to 12*5 per 
cent. 

Up to this stage of the investigation, it had been proved that the 
reduction pioduet of diacetylpentane cannot be a ketone-alcohol of 
the constitution represented by formula I (p. 215 ); the following 
experiments show that it is a dihydric alcohol of the composition 

OgHtfiQa, 
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Bimethyldihromolieptametkijlene, CH><^ 


CH 2 -CH s -CMeBr 
GH/CHj-CMeBr' 


When the reduction product is treated with phosphorus penta- 
bromide under suitable conditions, it is converted into a dibromidc 
of the composition C 9 H ]6 Br 2 , which has, doubtless, the constitution 
assigned to it above. Before describing the preparation and proper¬ 
ties of this dibromide, it will be as well, perhaps, to give a short 
account of the behaviour of the reduction product with hydrobromic 
acid. 

A considerable quantity of the pure compound was heated at 
100—115° in sealed tubes for about two hours with five times its 
volume of concentrated hydrobromic acid; on opening the tubes, it 
was found that the contents had separated into two layers, the upper 
one consisting of a dark-coloured oil. This oil was extracted from 
the dilated and partially neutralised solution by means of ether, the 
ethereal extract washed, dried, and evaporated, and the residue dis¬ 
tilled under reduced pressure (about 140 mm.). The whole passed 
over between 160° and 220°, but no constant boiling point could 
be observed ; the portion boiling at 160—200° was collected and 
analysed, and found to contain only 39 per cent, of bromine. As a 
compound of the composition C 9 H 17 BrO contains 36*1, and a com¬ 
pound of the composition CsHuBi^ 56*3 per cent, of bromine, it would 
seem that the liquid analysed consisted principally of the monobrom¬ 
ide. In order to try and convert it into the dibromide, the whole of 
the distilled product was again heated at about 120° for several hours 
with a large excess of concentrated hydrobromic acid. The dark 
reddish-brown, heavy oil, obtained in this way, was distilled under a. 
pressure of about 70 mm., and the portion boiling at 160—167° col¬ 
lected separately; the analysis of this fraction gave the following 
result:— 


0*1758 gram substance gave 0*2047 gram AgBr. 


Calculated for 

- i * 

C 9 H 17 BrO. C 9 E 16 Br> Found. 

Br. 36*1 p. c. 56*3 p. c. 49*5 p. c. 

These experiments show that the reduction product is partially 
converted into a dibromide by concentrated hydrobromic acid, a fact 
which is of considerable importance as a proof that it is a dihydrio 
alcohol; as, however, tho change is only incomplete even after pro¬ 
longed heating with the acid, a more suitable method had to be 
employed for the preparation of the dibromide. 

For this purpose, a small quantity of the pare reduction product 
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is dissolved in a large volume of anhydrous chloroform, and a fair 
excess of the theoretical quantity of phosphorus pentabromide 
gradually added; evolution of hydrogen bromide quickly commences, 
and, after keeping for some time at the ordinary temperature, the 
reaction is at an end. The solution is decanted from the unchanged 
pentabromide, poured into cold water, and as soon as the decomposi¬ 
tion of the phosphorus oxybromide is complete, the chloroform solu¬ 
tion of the dibromide is separated, washed with dilute sodium 
carbonate and water consecutively, dried over calcium chloride, and 
the chloroform evaporated on the water-bath, when dimethyldibromo- 
heptamethylene remains as a thick yellowish oil, 

A bromine determination, made with a portion of the product 
which had been kept for 24 hours over sulphuric acid and paraffin, 
gave the following result:— 

0*1036 gram substance gave 0*1370 gram AgBr. 

Calculated for 

C 9 H 16 Br 2 . Found. 

Br. 56*3 per cent. 54*8 per cent. 

Dimethyldibromoheptamethylene is a thick, almost colourless oil 
with a sweetish, rather unpleasant smell; it is specifically heavier 
than, and insoluble in, water, but miscible with most ordinary organic 
solvents in all proportions. It seems to undergo slight decomposition 
when it is kept over sulphuric acid under reduced pressure. 

DimebJuyIhydroxyiodoheptametliijleue, CH 2 <^^ 2 

When the glycol obtained from diaceiylpentane is heated with hydr- 
iodic acid of sp. gr. 1*96, it seems to be almost completely converted 
into the moniodide, CsHnOI; the diiodide, C^HyjIj, if produced at all, 
ib only formed in very small quantities. 

The moniodide was prepared in the following manner:—The pure 
glycol was mixed with a considerable quantity of hydriodic acid of 
S P* EF* 1*96, and the mixture heated on the water-bath in a flask 
provided with a reflux condenser, first at a moderately low tempe¬ 
rature, and then for about two hours at 100°. A portion of tho 
contents of the flask was then distilled off:, because it was thought 
that the diiodide would probably be more volatile than the moniodide, 
and if any of the former had been produced, it would collect in the 
receiver, leaving the moniodide behind. The small quantity of oil in 
the acid distillate was extracted with ether, the solution washed with 
dilute sodium carbonate and water, consecutively, dried over calcium 
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chloride, and evaporated. The colourless oil obtained in this way was 
kept over snlpbnric acid under reduced pressure for about 12 hours, 
and then an iodine determination carried out with the following 
result 2 — 

0*1735 gram substance gave 0*1622 gram Agl. 

Calculated for 

C 9 H 17 IO. Found. 

I. 47*29 per cent. 50*49 per cent. 

The compound obtained by distillation as described above evidently 
consists principally of the moniodide, but contains a little of the 
diiodide; the former can be isolated in a pure condition from the 
residue in the flask by extracting with ether, and evaporating the 
washed and dried solution. 

A portion of the oil (which remained in the flask) was kept under 
reduced pressure, and analysed with the following result:— 

0*1661 gram substance gave 0 1455 gram Agl. 

Calculated for 

C 9 H 17 IO. Found. 

I. 47*29 per cent. 47*06 per cent. 

Dimethylhydroxyiodoheptamethylene is a colourless, mobile oil with 
a pleasant sweetish smell; it is readily soluble in ether, alcohol, and 
most ordinary organic solvents, but insoluble in water. It gradually 
decomposes, and turns brown on keeping, but it seems to boil with¬ 
out decomposition when heated in small quantities under the ordinary 
pressure. 

Dimethylheptamethyleiie Diacetate , ^^ 2< ^Qg a .Q]g[ S -6Me*OAc* 

When the reduction product of diacetylpentane is treated with 
acetic anhydride under suitable conditions, it is completely converted 
into a diacetyl derivative of the composition O 0 H 18 (OAc) a ; the forma¬ 
tion of this diacetyl derivative is one of the strongest proofs that the 
compound described above as dimethyldihydroxyheptamethylene 
contains two hydroxy-groups. 

In preparing the diacetyl derivative, the pure glycol is dissolved 
in excess of acetic anhydride, and the mixture boiled for about 
2 ^ hours in a flask provided with a reflux condenser; the acetic 
anhydride is then partially distilled off under the ordinary pressure, 
and the residue submitted to fractional distillation under a pressure 
of 65 mm. The thermometer rises rapidly to about 180°, a small 
quantity only passing over below 190°; the thermometer then remains 





226 


KIPPING AND W. H. PKRKIN: ACTION OF 


fairly constant, and between 192° and 207° about 70 per cent, of the 
whole passes over, the thermometer finally rising to about 215°. 

The fraction boiling at 192—207° was fractionated again under the 
same pressure, and the portion boiling constantly at 199—202° 
collected separately. 

The analysis of this fraction gave results which agreed well with 
those required by a diacetyl derivative of dimethyldihydroxyhepta- 
methylene. 

01555 gram substance gave 0*3681 gram C0 2 and 0‘1323 gram 

H 2 0. 


Calculated tor 

CqH 16 (OAc)j>. Found. 

C. 61*5 per cent. 64'67 per cent. 

H. 9*1 „ 9*45 

0. 26*4 „ 25*88 


As, however, a monacetyl-derivative of the composition 
COMe* [CH 3 ] s'CHMe- 0Ac would have approximately the same com¬ 
position (C = 66*0 per cent., H = 10*0 per cent., O = 24 per cent.), 
elementary analysis alone is not sufficient to prove beyond doubt that 
the compound is really a diacetyl derivative. As this point was ol 
the utmost importance in deciding between the two possible formula 
for the reduction product, the quantity of acetic acid given on 
hydrolysis was determined. Three estimations of this kind were 
made; in each case, a weighed quantity of the pure compound was 
boiled with excess of standard potash, and the excess of alkali deter¬ 
mined by titration with standard sulphuric acid, phenolphthalein 
being used as indicator. 

The following results were obtained:— 

I. 1*169 gram substance was boiled for 1^ hours with 150 c.c. oi 

potash (1 c.c. = 0*00597 gram of C 2 H 4 O*), and the cold 
solution titrated with sulphuric acid of the same strength; 
56*4 c.c. of acid were required, showing that 93*G c.c. of 
potash had been neutralised. 

II. 0*8638 gram substance was boiled for two hours with 100 c.c. 

of potash, and the solution titrated with sulphuric acid; 
44*3 c.c. of acid were required. 

III. 0*5676 gram substance was boiled for an hour with 100 c.c. of 

potash, and the cold solution titrated; 54*7 c.c. of sulphuric 
acid were required. 

Found. 

Calculated for ( -*-- 

C 9 H 16 (OAc),. I. II. III. 

C 3 H 4 O 2 . 49*58 p. c. 47*8 48*4 47*6 p. c. 
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These results show conclusively that the compound in question is 
a diacetyl derivative, and, consequently, the presence of two hydroxy- 
groups in the original reduction product may be considered as 
proved. 

Dimethylheptamethylene diacetate is a colourless, mobile liquid 
possessing a sweet, rather pleasant smell, and boiling at 199—202 J 
under a pressure of 65 mm. It seems to be insoluble in cold water, 
but is readily soluble in alcohol, ether, acetic anhydride, and other 
organic solvents. It is readily hydrolysed even by veiy dilute 
aqueous potash, as is shown by the quantitative experiments referred 
to above. 

71 . ^0E 3 -0H s -CHMe 

Dimethylheptamethylene, ^ 

One of the most important facts that can be adduced in favour of 
the closed-chain formula for the reduction product of diacetylpentane 
is that, when treated with hydriodic acid and amorphous phosphorus 
at a high temperature, it is converted into a hydrocarbon of the 
molecular formula* C 9 H 18j which, from its method of formation must 
be a saturated compound. This hydrocarbon, dimethylheptamethylene, 
is obtained in the following way:—The pure glycol is first heated for 
about two hours at 100° in a flask provided with a reflux condenser, 
with excess of concentrated hydriodic acid, in order to convert it 
into the moniodide described above; this product is isolated in the 
usual manner, and then heated in sealed tubes at 230—260° for 8 to 
10 hours with a large excess of hydriodic acid of sp. gr. T96, and a 
little amorphous phosphorus, about 4 grams only of the crude iodide 
being placed in each tube. When the tubes were opened, the hydro¬ 
carbon, which formed a lighter-coloured layer on the surface of the 
acid, was separated with the aid of a funnel, washed well with sodium 
carbonate, dried over potassium carbonate, and distilled. The thermo¬ 
meter rose at once to about 145°, and between 145° and 160° almost 
three-quarters of the crude product passed over; the liquid which 
then remained in the flask boiled at a very much higher temperature, 
and was not examined farther, owing to its small quantity. The 
fraction boiling at 145—160° was then distilled two or three times 
over potassium, and finally a sample of the liquid boiling constantly 
at 153—154° was collected separately for analysis. 

The results obtained were the following:— 

0*1300 gram substance gave 0*4072 gram CO a and 0*1717 gram 

H 3 0. 

Calculated for C 9 ET 18 . Found, 


O. 85*7 per cent. 85*42 per cent. 

H. 14*3 „ 14*67 
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A vapour density determination carried out in Hofmann’s apparatus, 
and. employing aniline as tlie heating vapour, gave the following 
result:— 

0*0782 gram substance gave 68 c.c. of vapour. Barometer = 
748 mm. Difference of level 490 mm. Temperature of 
vapour 184°, and of air 11°. 

Calculated for C<,H 18 , Pound. 

V.D. 63 61*2 


Two elementary analyses of a sample of the hydrocarbon from 
another preparation gave the following results :— 

I. 0*1271 gram substance gave 0*3965 gram OOa and 0*1702 gram 

HgO. 

II. 0*1192 gram substance gave 0 3727 gram COa and 0*1588 gram 

HgO* 


C .. 
H .. 


Calculated for 

C 9 Hj 8 - 
85*7 p. c. 
14*3 „ 


Pound. 



85*08 85*14 p. c. 

14*88 14*83 „ 


Dimethylheptamethylene is a colourless mobile, strongly refractive 
liquid with an odour very like that of light petroleum; it boils at 
153° under the ordinary atmospheric pressure. It is insoluble in 
water, and in concentrated hydriodic acid, but is miscible with organic 
solvents in all proportions. It seems to be a very stable substance, 
but owing to the small quantity at our disposal, we have not been 
able to investigate its properties as completely as would be desirable. 
It is not acted on by concentrated hydriodic acid; when treated with 
concentrated nitric acid, a reaction soon sets in, heat is developed, 
and dense brown fumes are evolved, but the reaction soon slackens, 
and heat must be applied before complete solution ensues; as far as 
our experiments went, no compounds other than acids of low molecular 
weight are formed by the oxidation of the hydrocarbon in this way. 


Condensation Product of Dimetliyldihydroa. yheptamethylene. 

It has been mentioned above that in the preparation of dimethyldi- 
hydroxyheptamethylene there is formed in small quantities a liquid 
of considerably higher boiling point, which seemed to be a condensa¬ 
tion product of the glycol. In order to investigate the nature of 
this compound, the residues obtained in several operations were 
united, and the liquid submitted to fractional distillation under a 
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pressure of about 200 mm.; at first, a small quantity of dimethjldi- 
hydroxyheptamethylene passed over, and then the thermometer rose 
rapidly to about 300°, the remainder boiling almost constantly at 
305—310°. 

This high boiling liquid gave the following result on analysis:— 

0*2011 gram substance gave 0 4143 gram CO s , and 0*2082 gram 
H s O. 


Calculated for 

C13H34O3 Pound. 

C.. *.. 72 48 per cent. 72*6 per cent. 

H. 11*41 „ 11*4 

0 . 16*11 „ 16*0 


A molecular weight determination by Raoult’s method in glacial 
acetic acid solution gave the following data:— 

0 9116 gram substance dissolved in 43*1 grams acetic acid lowered 
the melting point 0*271, as a mean of two closely agreeing 
observations. 

Calculated for C 18 H-*40 3 . Pound. 

M. W . 298 305 

This result shows that the compound in question has been formed 
by the condensation of two molecules of diacetylpentane, or its 
reduction product; the analysis given above agrees very well with 
the formula C 18 H 34 O 3 , but not so well with the formula CisH^Oj, 
which would require 72*9 per cent, of carbon and 10*8 per cent, of 
hydrogen. Considering, also, that a large excess of sodium was 
invariably employed in the reduction of diacetylpentane, and that the 
only other product is the glycol CbHibO^, it seems almost certain that 
the condensation product is formed from the glycol, and not from the 
ketone, according to the equation 

2C9S1SO4 — C ls H^O s "1" HjO. 

just as diethylene glycol is formed from two molecules of ethylene 
glycol with elimination of one molecule of water. 

The condensation product of the heptamethylene derivative has no 
well-defined properties; it is an almost colourless, very thick oil, 
boils at about 305—310° (200 mm. pressure), and shows no signs of 
crystallising even when kept for months at the ordinary temperature, 
or for some hours in a freezing mixture. It is insoluble m water, 
but the ordinary organic solvents dissolve it in large quantities. 

Eeriot Watt College, 

Edinburgh, 
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XXVI.—CONTRIBUTIONS FROM THE LABORATORY OF 
GONVILLE AND CAIUS COLLEGE, CAMBRIDGE. 

No. XIX. Compounds of the Oxides of Phosphorus with Sulphuric 

Anhydride . 

By R. H. Adie, M.A. 

1 . R. Weber (Ber., 20, 86) describes a solid compound of sulphuric 
and phosphoric anhydrides, P a 0 5 , 3 S 03 , which he prepared by dis¬ 
tilling off in a sealed tube the excess of sulphur trioxide from a 
mixta e of the two substances. It is decomposed at 30°. 

2 As this appears to be the only compound of an oxide of phos¬ 
phorus and sulphuric anhydride which has been described, I 
endeavoured to ascertain whether it might not be possible to prepare 
the compound M s 0j, 2S0 4 , which is so very stable in the case of 
nitrogen, and has a definite existence in the case of arsenic, whilst in 
the cases of antimony and bismuth the trisulphate, M 2 03 , 3 S 0 3 , is 
formed. 

The compounds of arsenic and antimony are directly obtained from 
the sesquioxide without oxidation, but in the case of nitrogen it is 
formed from nitric oxide, which, during the course of the reaction, 
becomes oxidised at the expense of the sulphur trioxide ; con¬ 
sequently, 1 started with “acid phosphorous anhydrous,” obtained 
from Messrs. Harrington Bros., Cork. 

Quite recently, Thorpe and A. E. Tutton (Trans., 1890,57,545) have 
prepared pure phosphorous anhydride, which differs from the above in 
several respects, since the latter melts only an a considerably higher 
temperature than 30°, is not decomposed by light at any rapid rate, 
and is instantly soluble in water; the acid obtained from Messrs. 
Harrington contains 65*1 per cent, of P 4 O s> and is, therefore, approxi¬ 
mately H 3 PO 3 , which contains 07*1 per cent, of PiOj. 

3. Anhydrous phosphorous acid dissolves quietly in concentrated 
sulphuric acid without forming an insoluble compound. The mixture 
when warmed gives off sulphur dioxide, and contains phosphoric 
acid only. 

4. When anhydrous phosphorous acid was dropped into sulphur 
trioxide, there was a great development of heat, accompanied by the 
formation of sulphur dioxide and some sulphur. A blue, oily com¬ 
pound separated out in small quantity from the trioxide, which was 
itself coloured a fine indigo-blue. At the high temperature produced 
by the reaction, the phosphorous acid had reduced som6 of the trioxide 



OXIDES OF PHOSPHORUS AND SULPHURIC ANHYDRIDE. 231 


to sulphur, which dissolved in the trioxide to form blue sulphur ses- 
quioxide. 

In order to avoid the effect of the rise of temperature, the sulphur 
trioxido was distilled into a beaker to form a layer of about 2 mm. 
deep, which was then placed in a freezing mixture. The phosphorous 
acid was then carefully dropped, in small pieces, on the solid trioxide; 
as before, they united with violence, but formed no sulphur sesqui- 
oxide if the addition were gradual enough. 

The compound remained liquid on the surface of the solid trioxide, 
and the contact and union of the phosphorous acid and the solid tri¬ 
oxide was seen to be accompanied by the liberation of a gas, which 
proved to be sulphur dioxide. 

After the compound had remained in contact with the sulphur tri¬ 
oxide in the freezing mixture for some time, it was poured off and 
analysed. The results, which were fairly concordant, were as 
follows:— 


I. II. III. IT. V. VI. 

S0 3 . 53*47 54*36 — — — — 

PA-... 0*88 — 1*72 1-04 — — 

PA .... — - - — 34*54 30*19 

Calculated for 

P 2 0 3 ,2S0 3 . P 2 0 5 ,2S0 3 . H s P0 4 ,3S0i. 

S0 8 . 59*26 52-98 55*14 

P 2 0 3 . 40*74 — — 

P 2 0 6 .. — 4702 32-38 


The phosphorous acid is almost completely oxidised, by the re¬ 
duction of the trioxide in the cold, to sulphur dioxide, and, if warm, 
to sulphur dioxide and sulphur, forming the compound H 3 P 04 , 3 S 0 3 . 

5. The compound H 3 P0 4 ,3S0 3 is a viscid liquid, generally coloured 
light-brown. It fumes in contact with the air, and dissolves in water 
with the development of heat, but without violence, forming sulph¬ 
uric and orihophosphoric acids with only a trace of the pyro- and 
meta-acids. It is, on the whole, best represented as sulphonyl phos¬ 
phate, (S 0 s H) 3 P 04 . 

6. As phosphorous acid is so readily oxidised by sulphur trioxide, 
and as the lower oxides of phosphorus, with the exception of PA are 
not well known, I next tried the action of phosphorus on sulphur 
trioxide. 

When a piece of phosphorus is dropped into liquid sulphuric 
anhydride, it reduces the latter with violence to sulphur dioxide, and 
is itself oxidised, forming a white, flocculent solid floating in the 
liquid* When the pieces of phosphorus were large, the heat of com- 
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bination raised the temperature of the phosphorus sufficiently high to 
ignite it. 

It is difficult to free the solid from adhering trioxide, and at the 
same time to prevent its spontaneous ignition from the oxidation of 
finely divided globules of phosphorus disseminated throughout its 
mass. The trioxide requires to be near its boiling point for the 
reaction to take place, and this fuses the phosphorus. 

The best way of obtaining a fairly pure product is to press out the 
phosphorus under water into a very thin plate, and then to drop 
pieces of this into the warmed trioxide. The reaction is violent, and 
frequently accompanied by a rain of sparks of burning phosphorus. 
When the reaction is complete, the trioxide is boiled, and the com¬ 
pound raked out on a warm, dry porous tile, which is placed in a 
desiccator over phosphoric anhydride in a warm place in the dark for 
two to three hours. The product can then be placed in a weighing 
bottle. 

I have tried manipulating in an atmosphere of carbonic anhydride, 
but got no better results. Distilling the excess of trioxide from the 
compound is not a successful operation, as oxidation occurs just when 
the trioxide is gone. The solvents of phosphorus decompose the 
substance, and the method which seems to give the best results is to 
work at a low temperature in a dry atmosphere. 

Heating phosphorus with sulphur trioxide in a sealed tube not only 
oxidises all the phosphorus, but converts it at once into phosphoric 
anhydride, which forms a clear solution m the trioxide. 

The product prepared as above gave the following results on 


analysis:— 

I. II III. IY 

P. 35*03 32*33 — — 

S0 3 . — 33-85 30 83 — 

P 3 0,. — — — 35*93 

Calculated for 

PA.SO* RA.SO* 3P 3 0 4i 2SC>,. 

P . 32-63 30-10 34-57 

SOg. 42-10 38-82 29-75 

PA. 57-89 30-58 35-12 


The compound which must be represented as 3P 2 0 4 ,2S0a decom¬ 
poses on standing for 2—3 weeks over phosphoric anhydride in ah* 
into P®0 6 and S0 2 . The same change occurs when the substance is 
heated without sulphur trioxide to a temperature of about 55—60°; 
in this case the sulphur dioxide is giveu off in bubbles from the 
frothy mass. It is to he noted that P 2 0 6 ,3S08 decomposes at 30°. It 
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is darkened very rapidly by light, which is rather more characteristic 
of P 2 0, than of P 2 O 4 . It is instantly decomposed by water, bat the 
phosphoras-containing part dissolves only very slowly, which is also 
characteristic of P a 0 3j and not of P 3 O 4 , which dissolves immediately. 

The group sulphate P 2 0 3 ,2S0j, then, is not formed by this reaction, 
nor by any conditions attainable at present, its place being taken by 
the above compound, 3 P 2 0 4 , 2 S 03 . 

I have much pleasure in acknowledging the assistance of Mr. Patti- 
son Muir, to whom I am indebted for the use of the laboratory of 
Gonville and Caius College during this work. 


XXVII.— Crystalline Form of the Calcium Salt of the New Optically 
Active Glyceric Acid. 

By Alfred E. Tutton, Assoc. R.C.S., Demonstrator in Chemistry at 
the Boyal College of Science, London. 

In a recent communication (this vol., p. 96) by P. F. Frankland and 
W. Frew, it was shown that when calcium glycerate was submitted 
to the fermentiug action of the Bacillus ethaceiicus one half only of 
the glyceric acid was destroyed, and that the remaining half was 
optically active, rotating the plane of polarisation to the right. In 
view of the fact that in every case hitherto investigated, where an 
inactive compound has been separated into two complementary 
optically active varieties, the phenomenon of hemihedrism has been 
manifested in the crystals of the compounds themselves, or, in the case 
of uncrystallisable acids, in their salts, it was important to submit the 
best crystallisable salt of this optically active glyceric acid to a thorough 
0 rystallographical investigation. An additional chemical interest 
attaches to such investigations since the appearance of the paper 
communicated to the Berirhte (1891, p. 101) by Fock, in which a 
theory of optical activity is discussed, attempting, on the lines of the 
Van t’Hoff-Wislicenus hypothesis, to account for this invariable 
occurrence of hemihedrism. Generally, as in the case of the salts of 
dextro- and lsevo-fcartaric acids, the two oppositely active modifica¬ 
tions are strictly isomorphous, exhibiting precisely the same forms, 
and, where those forms are completely developed, the same angles; 
but only half of the faces corresponding to several of these forms are 
developed, the half shown by one variety being absent from the other, 
and vice versa. In other words, the crystals are complementarily 
VOL. lix. s 
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hemihedral, being generally related in the same way that an object 
is to its mirror-image. 

It is now generally admitted by crystallograpbers that tbis mode 
of manifestation of bemihedrism is determined by differences in the 
internal arrangement of the atoms or groups in the molecules them¬ 


selves of the two varieties. 


CH s -OH 

Glyceric acid, CH*OH , has manifestly 
COOH 


one so-called asymmetric carbon atom, that belonging to the CHOH 
group. There are consequently two possible arrangements of the 
molecule in space, probably corresponding to the two optically acti\ e 
varieties 



The new dextro-gly ceric acid itself is an uncry stall isable svrnp, bnt 
the calcium salt, Ca(C 3 H 5 04 ) 2 , 2 H 2 0 , has been obtained in crystals suffi¬ 
ciently well formed to admit of a complete investigation. Although 
the acid itself is dextro-rotatory, aqueous solutions of this calcium 
salt are leevo-rotatory to the extent [a]j> = —12*09. 

The crystals examined were colourless, well-formed piisrns 
eminently suitable for goniometrical purposes, obtained by the slow 
evaporation of an aqueous solution. The crystals ordinarily obtained 
by rapid evaporation exhibit precisely the same f ices, hut the reflections 
usually observed are not quite so perfect as those given by the crystals 
obtained by slow evaporation. The prisms were perfectly terminated 
at both ends by pyramid and dome forms. The larger ones weie 
about 5 mm. long, aud 2 mm. by 1*5 mm. in section. One prism was 
observed nearly 1 cm. in length. 

System: monoclinic, hemihedral. Habit: prismatic; j8 = 69° O' 

Ratio of axes: a : b : c = 1*4469 : 1 : 0*6694. 

Forms observed: a ={100}coRco; c ={001}oP; / = [201} + 2Foo; 
jp={110}ooP; m={011}£co; o = |111}-P ; « = [111} + P; 
7* ={211} 4- 2F2. 

The usual appearance of the crystals is seen in Fig. 1. which is 
drawn from the calculated elements. Fig. 2 represents their spherical 
projection upon the symmetry plane. Those poles which are repre- 
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sented by rings are situate upon the hemisphere lying beneath the 
plane of projection • those represented by dots are situate upon tlio 
upper hemisphere. 




Fig. 2. 


The faces of the forms o[lll} and m{011} were never found 
developed upon the left side of the symmetry plane, but only upon 
the right. The faces of s{lll} and ti{2ll} were, conversely, never 
found developed upon the right, only upon the left of the plane of 
symmetry. The crystals are therefore undoubtedly hemihedral, the 
two extremities of the symmetry axis b be.ng terminated in an 
entirely different manner. 

The best developed face is tbe orthopinacoid a{ 100], the prisms 
being frequently tabular upon it. The prism faces p{110} arc 
always well developed. It was frequently noticed that the right- 
band faces (110) and (110) of this form were much more brilliant 
and evenly developed than those on the left hand, (110) and (TlO), 
which were often curved and of dull appearance, resembling tbe faces 
•{III} and «{2Ii}in this respect. This mode of manifestation of 
hemihedrism corresponds to that in the case of cane-sugar, whose 
prism faces on the two sides of the symmetry plane yield different 
corrosion figures. No trace of the clmopinacoid 6[010} was observed. 
The face chosen as the basal plane c{001} is usually the most promin¬ 
ent of the faces perpendicular to the symmetry plane, but occasion¬ 
ally tbe ortkodome r'{201} is equally well developed. The hemi- 
elmodome m(011) is always a prominent face on the light side of the 
symmetry pLme, and the neighbouring pyramid face o(lll) is gene¬ 
rally relatively developed to about the extent shown in the drawing. 
The pyramid faces *(11L) and «(2ll) upon the left side of the sym¬ 
metry plane differ greatly in character from the faces m and o at the 
right side, seldom giving good reflections owing to dulness and 
curvature. The monoclinic, and not triclinic, nature of the crystals 
is proved by tbe presence of a complete pri^m zone, tbe four faces of 

s 2 
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which are symmetrically disposed in respect to the two orthopinacoid 
faces; by the fact that the zone of the faces a(100), c( 001 ), and 
r(201) is perpendicular to the prism zone and to the plane of sym¬ 
metry exhibited by the latter zone; and, conclusively, by the optical 
properties hereafter described. 

Following is a table exhibiting the results of the angular measure¬ 
ments obtained with the large Faess goniometer from 12 crystals 
selected from two distinct crops of crystals. 


Angle measured. 

No of 
measure¬ 


Limits. 


Mean 
obaen ed 

Calculated. 



ments. 








J a P 

- 100 : no 

42 

52° 32'— 

51° 

16' 

53° 

29' 

* 

Xpp 

= 110: liO 

20 

72 

7 — 

73 

33 

73 

4 

73° 2' 

( ac 

= ioo : noi 

13 

08 

22 — 

69 

42 

69 

3 

69 0 

« c/ 

- 001 :201 

13 

52 

4 — 

52 

31 

52 

13 

*■ 

[r'a 

= 201 : 100 

13 

58 

35 — 

58 

40 

58 

11 

*. 

cm 

= 001 : Oil 

10 

31 

47 — 

32 

19 

32 

3 

32 2 

r f » 

- 201 : 211 

2 

29 

43 — 

29 

48 

29 

45 

29 47 

~ao 

- 100 : 111 

7 

53 

59 — 

54 

10 

54 

3 

53 51 

om 

- Ill : Oil 

7 

18 

20 — 

18 

35 

18 

20 

18 29 

j am 

= Oil . loo 

33 

107 

22 —108 

24 

107 

41 

107 37 

* an 

= loo : 211 

11 

02 

32 — 

03 

41 

63 

0 

63 10 

n? 

= 211 : III 

1 


— 



21 

35 

21 27 


- Ill: 100 

3 

94 

19— 

95 

34 

95 

18 

95 23 

PO 

= 110 : 111 

9 

43 

51 — 

41 

44 

44 

35 

44 38 

oc 

= 111 : 001 

9 

32 

50 — 

33 

15 

33 

7 

3i 7 

cs 

« 001 : III 

7 

41 

32-- 

43 

2 

42 

10 

42 17 

" *P 

= III : 110 

7 

59 

15 — 

00 

54 

59 

59 

59 5S 

pc 

- IIO : 001 

11 

77 

2 — 

78 

21 

77 

;2 

77 15 

\sp 

- 101 :110 

16 

101 

39—103 

30 

102 

16 

102 15 

f P m 

- 110 : Oil 

9 

52 

15 — 

53 

25 

52 

42 

52 41 

< mn 

- Oil : 211 

5 

79 

5 — 

79 

20 

79 

15 

79 12 

lap 

- 211 : IIO 

5 

47 

41 — 

48 

23 

48 

1 

48 7 

f p/ 

- 110.201 

11 

106 

83-108 

42 

10S 

5 

108 1 

J r 'P 

= 201 : IIO 

20 

70 

51 — 

73 

32 

71 

*>») 

71 59 


-110:111 

5 

00 

42 — 

07 

17 

67 

4 

67 5 

is/ 

= III : 201 

6 

40 

36 — 

41 

29 

41 

5 

40 50 

P» 

- 110: on 

3 

75 

5 — 

76 

21 

75 

37 

75 45 


The angles marked with an asterisk were chosen ns the basis of 
the calculations, op on account of the large number of measurements 
obtained owing to the recurrence of this angle four times upon each 
perfectly-developed crystal, and cr* and ra on account of the greater 
relative agreement of the measured values of these angles. It may 
be remarked that the mean observed values given in the table agree 
very closely with the measurements afforded by one exceptionally 
perfect crystal. 

There is a moderately good cleavage parallel to the basal plane 
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r(00l), and the prisms are cmsequently very apt to break across in 
this direction. The cleavage plates are usually very rough, however. 

Optical Properties .—The extinctions upon the face a(100) are 
parallel to the prism edges. A section cut parallel to 6(010), the 
symmetry plane, extinguishes obliquely to the prism edges, the direc¬ 
tion of extinction making an angle of 23° with those edges, almost 
perpendicular to the basal plane c(001). In convergent light, this 
section shows no rings in air; but in oil, the two optic axes and their 
systems of rings are observed separated at an extremely large angle, 
evidently the obtuse angle. The first median line is therefore almost 
perpendicular to the basal plane. Upon cutting a section parallel to 
the basal plane c(001), both axes and their rings are well seen in air 
separated at their acute angle, and lying symmetrically on either side 
of the symmetry plane. 

Hence, the plane of the optic axes is perpendicular to the sym¬ 
metry plane 6(010), and the tirst median line makes an angle of 23° 
with the vertical axis c, thus emerging almost normal to the basal 
plane c(001). The type of dispersion is horizontal, and the hyper¬ 
bolic brushes are bordered with blue inside, hence the dispersion is 
of the nature p < v. 

Sections require to be about 1 mm. thick in order to show the 
rings well, owing to the low specific refractive power. 

The following mean values for the apparent acute angle in air 2E, 
the apparent acute angle in oil 2Ra, and the apparent obtuse angle in 
oil 2Ho, were obtained with the Fuess optic axial angle apparatus :— 


2E. 2Ua. 2Ho. 

Lithium light. 51° 35' 35° 10' 347 1 2 3 

Sodium light. 52 30 35 40 146 40 

Thallium light. 53 50 36 30 145 55 


From these observed values, the true acute angle between the optic 

axes 2 Va 9 calculated by means of the formula tan Va = is 

J sm Ho 

found to be as follows:— 


For lithium light, 2Y a = 

34° 

“>6' 

„ sodium light 

33 

28 

„ thallium light, 

36 

1 <> 


The mean refractive index ft, calculated from the formula ft = 

fa 1 ? , is represented by the following numbers:— 
smYfl 

ft u = 1-4496. 
fix* = 1*4521. 
fin = 1*4545. 
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The sign of the double refraction, as determined by means of a 
quarter undulation mica plate, is positive. 

The optical properties thus completely bear out the monosymmetric 
nature of the crystals. Hence, this optically active calcium glycerato 
must be added to the list of optically active substances whose crystals 
are also liemihedral, a list which includes all the hitherto well-inves¬ 
tigated cases. 


XXVIII. —Volumetric Estimation of Tellurium. Part II.* 

By BoHCfcLAV Bbauner, Ph.D., Professor in the Bohemian University, 
late Berkeley Fellow of Owens College. 

Third Method . 

Ii is known that alkaline solutions of tellurium dioxide (alkaline tel¬ 
lurites) are converted iuto tellurates on treatment with chlorine 
(Berzelius, Ann. Pht/s . Ohem ., 32, 23), but according to Oppenheim 
(7 pr. Gliem 71, 2U6) the reaction proceeds only very slowly. 

The reaction with iodine I found to take place, as I expected it 
would do, in accordance with the following equations :— 

I. Na 2 Te0 3 4- I, + 2XaHC0 3 = Na.TeO* -f- 2NaI 4- 2CO, -f 

H 2 0, or 

II. Na 2 TeO, + I s + 2XaOH = Xa 2 Te0 4 + 2XaI + H,0. 

AVhen a solution of iodine in potassium iodide is added to a solu¬ 
tion of normal sodium tellurite to which some starch paste has 
been added, the very tirsc drop o£ the solution produces an intense 
blue coloration, which, however, disappears in a short time, and this 
effect is reproduced on every fresh addition of iodine, showing 
that the oxidation with iodine is but slow. At first the tellurous 
acid is easily converted into telluric acid by the excess of iodine, 
but the rate of conversion becomes slower with the increase of the 
amount of telluuo acid formed, so that even after a considerable 
excess of iodine tias acted lor 24 hours, part of the tellurous acid 
remains unchanged. As, however, in several experiments, it was found 
that the theoretical quantity or Iodine solution was required for the 
oxidation of weighed quantities of tellurium dioxide in solution as 
tellurite, the conclusion must be drawn that part of the iodine 

* Compare Part I, this vol., pp. 58—tf7. 
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entered into reaction with the sodium hydrogen carbonate always 
present. 

When the action of iodine takes place at the temperature of the 
water-bath, the oxidation to telluric acid takes place much more 
rapidly. In order to study this phenomenon, solutions of weighed 
quantities of tellurium dioxide, in the least possible quantity of 
caustic soda, were treated with iodine solution on a water-bath until 
no further decolorisation of the iodine solution took place. Under 
the*e circumstances the oxidation was usually found to be complete 
after beating for 10 to 15 minutes, if an excess of iodine was used, 
t\\ ice or thrice that necessary for the conversion. The experiments 
must, of course, be carried on in closed vessels in order to avoid loss 
of iodine by evaporation. It might be expected that this mixture 
of sodium tellurate with potassium iodide, sodium iodate, and free 
iodine, after cooling, would yield all the free iodine which was not 
spent on the oxidation, on being decomposed with dilute hydrochloric 
acid added in slight excess, since telluric acid does not immediately 
yield free iodine when treated with dilute hydrochloric acid in pie- 
sence of potassium iodide. 

When the experiment is carried out in the manner described, 
namely, by heating the tellurite with an excess of iodine solution 
and, after cooling, adding dilute hydrochloric acid to distinctly acid 
reacti n, iodine is set free, but on determining tbe amount by means 
of standardised thiosulphate, and subtracting the iodine found in this 
way from tbe total added, it is always found that a larger amount of 
free iodine has disappeared than corresponds with the theoretical, 
and that the results vary greatly. If, after decolorisation with thio¬ 
sulphate more hydrochloric acid is added, iodine is again set free, 
which is decolorised on adding more thiosulphate, and on repeating 
this operation until much acid had been added, a peculiar pale-brown 
coloration is produced which is not removed by thiosulphate, so that 
the end of the reaction becomes indistinct. 

The above is the result of a series of more than 30 experiments 
which were made under most varied conditions, hut I have omitted 
all superfluous details as the method was so unsatisfactory. 

This method, although simple in principle, is yet inapplicable to 
the estimation of tellurous acid, for the following reasons:— 

(1.) Because the oxidation by iodine proceeds hut very slowly in 
the cold. 

(2.) Even when it is completed by heating at 100°, it is impossible 
to determine exactly the excess of iodine employed. 

Fourth Method. 

After finding that the conversion of tellurous into telluric acid by 
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chromic acid in hydrochloric acid, or by iodine in alkaline solution, 
proceeds only very slowly, I directed my attention to a more poweiful 
oxidising agent, namely, potassium permanganate. 

Experiments in Hydrochloric Acid Solution . 

It m'ght be expected, from the analogy of tellurium to antimony, 
that in hydrochloric acid the following reaction would take place:— 

III. 2KHn0 4 -+■ 6HC1 + 5Te0 2 = 2KC1 + 2MnCl 2 + 3E>0 + 
5TeO a . 


It was found, however, that on adding potassium permanganate 
solution to one of tellurium dioxide in hydrochloric acid, the liquid 
became brown from the manganic chloride formed, and the solution 
had a strong smell of chlorine. At the same time tellurons 
acid is converted into telluric acid, and the end of the reaction is 
marked by a peculiar red-brown coloration due to the excess of per¬ 
manganate. As might be inferred from the analogy to the behaviour 
of tellurous solutions in sulphuric acid (see below, VII), the reaction 
corresponds with the following equation:— 

IV. 2KMnO* + 8HC1 + 4Te0 2 = 2KC1 + Mn 3 Cl« + 4H 3 0 + 
4Tc0j. 

The manganic chloride is without action on tellurous and telluric 
acids, but it may be destroyed by the addition of ferrous sulphate. 

V. MnCl. + FeS0 4 = MnS0 4 + FeCl s . 

The excess of ferrous salt added is determined with permanganate. 

For the experiments, an approximately decinormal solution of per¬ 
manganate was used, which was standardised by decinormal oxalic 
acid, also a solution of ammonium ferrous sulphate of equal strength ; 
the volumes of ferrous solution and of permanganate are then calcu¬ 
lated, so that they are expressed as deciuormal solutions, after which 
on subtraction of the number of c.c, of ferrous solution from that of t he 
permanganate, the volume of the latter, which was used for oxidation, 
is found. From this the quantity of tellui ium dioxide can be calcu¬ 
lated as if the reaction corresponded with the equation III. As every 
c.c. of decimal permanganate contains 0*0008 gram of available 
oxygen, 0*00798 gram TeO a = rehu wt., is indicated by it. 
The solution always contained some sulphuric acid in order to avoid 
the separation of tellurous acid on dilution with water. 
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No. of 
expt. 

KHn0 4 

added. 

FeS0 4 

back. 

OIn0 4 

foroxid. 

HC1. 

H a O. 

Te0 2 

taken. 

TeO a 

found. 

TeOj. 


c.c. 

c.c. 

C.C. 

c.c. 

c c. 

gram. 

gram. 

pc. 

1 

mmzm 

8*04 

15 *41 

1 

10 

0 ’1020 

0*1230 

120*6 

2 

22-55 

8-77 

13 *78 

1 

100 


0*1100 

107-S 

3 


7*04 

13-61 

1 

150 


0 *1086 

106*5 

4 

21 *31 

8*04 

13 *27 

1 

150 

>3 

0*1039 

103 8 

5 

21*21 

8 04 

13*17 

1 

150 

»» 

0 *1051 

103*0 

6 

20*45 

7*0t 

13 -41 

1 

200 

>7 i 

i 0 *1071 

105*0 

7 

20*11 

8-41 

11 *70 

3 

50 

0*0828 

| 0*0934 

112*8 

8 

21-23 

10*28 

10-95 

3 

100 

is 


105*5 

9 

20-10 

9*35 

10 *81 

3 

350 

ss 


104*2 

10 

20-23 

9*35 

10*88 

3 

200 

37 


101*9 

11 

20*21 

9 35 

10*86 

3 1 


33 1 

0*0867 

104*7 


From this series of experiments it follows that the volume of 
permanganate used for oxidation is always higher than the theoretical, 
and that the quantity increases with the amount of hydrochloric acid 
present, or, generally with increasing concentration of the solution. 
When much water is present, a little more still is required to produ< e 
the coloration. 

When ferrous sulphate is added to the tellurous solution before the 
titration, no manganic chloride is formed on adding the perman¬ 
ganate, hut nevertheless evolution of chlorine takes place (compare 
Exp. 12 and 13), so that the results are again too high. The addition 
of manganons sulphate—as used with good effect by Kessler and by 
Zimmerman in estimating iron in hydrochloric solutions—gives a 
slightly better result, but the end of the reaction is indistinct, as the 
coloration appears only for a moment. 


No. of 
expt. 

KMn0 4 

added. 

FeS0 4 

back. 

KMn0 4 
for oxid. 

HC1. 

U 3 0. 

TeO s 

taken. 

TeO s 

found. 

TeOg. 


c e. 

c.c. 

c.c. 

t\e. 

c.c. 

gram. 

gram. 

mm 

12 

29 *8*> 

16 *08 

13 -77 

1 

100 

0*1020 

0*1100 

■dVX v 

13 

29 *85 

16*08 

13 77 

1 

100 

» 

0*1100 

■ 

11 

21 *21 

8*04 

13-17 

1 

100« 

» 

0*1051 

■ 


It is impossible to obtain constant results even at the same degree 
of concentration, as higher or lower numbers are obtained, according 
to whether the permanganate is poured in quickly or slowly. 


Experiments in Sulphuric Acid Solution. 

Here again, the reaction between potassium permanganate and a 
* And 15 c.c. MnS0 4 (1 : 5). 
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solution of tellurium dioxide in sulphuric acid does not correspond 
with the u normal ” equation— 

VI. 2KMn0 4 + 3H 2 S0 4 + 5TeO> = K 2 S0 4 + 2MnS0 4 + 

3H 2 0 + 5Te0 3 , 

but it is represented by 

YIL 2KMn0 4 + 4H 2 S0 4 -f- 4Te0 2 = K 2 S0 4 + Mn 2 (S0 4 ) 3 + 
4H s O + 4TeO J# 

for the manganic sulphate formed as the first reduction product of 
the permanganate is unable to oxidise the tellnrons acid. 

I have studied the action of sulphuric acid of varying concentration 
on tellurium dioxide more fully, but only the following facts are ot 
interest in connection with the present paper. 

Finely powdered tellurium dioxide is only slowly, and with diffi¬ 
culty, dissolved by dilute salphuric acid, even on boiling, when it is 
observed that any excess of the dioxide is converted into the “ octa¬ 
hedral ” (i.e., tetragonal) modification, measurable crystals of which 
were first obtained by the author. The solution in sulphuric acid oC 
20 per cent, contains 0 7 per cent. Te0 2 , an acid of 30 per cent. 0'85 
per cent. TeO>, and an acid of 50 per cent contains 4*4 per cent, of 
its own weight of Te0 2 in solution. AH these solutions are con¬ 
siderably “supersaturated,” and after some time the substance in 
solution is deposited from them. From the dilate acid solutions, the 
above-mentioned quadratic octahedra separate, whilst, from concen¬ 
trated solutions, beautiful and extremely complicated rhombic crystals 
of the basic sulphate, 2Te0 2 ,S0 3 , are obtained. In order to prepare a 
tolerably stable solution, about 30 parts of dilute sulphuric acid 
(1 :1) must be taken for one part of tellurium dioxide, and even 
then, to avoid separation of crystals, the solution must not be allowed 
to stand for long before titration. As the solution takes place very 
slowly, the finely powdered dioxide must be shaken while warming 
the acid, in order to avoid the formation of crystalline crusts of the 
dioxide. 

On the addition of permanganate to such a solution, tho first drops 
produce a brown coloration, due to the formation of manganic 
sulphate, and on adding more this becomes darker, until an excess of 
unaltered permanganate, indicated by a red-brown colour, shows that 
enough has been added to complete the reaction. 

If the reaction really corresponds with equation VII, the quantity 
of permanganate used, compared with the quantity calculated from the 
equation YI, must be in the proportion of 5 : 4, as in the case VII, 
7 mols., in the case YI, 5 mols., are oxidised by one and the same 
quantity of permanganate. This has been proved by the following:— 
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Exp. 15.—0*1508 gram of TeO s requires, according to VI, 18*9 c.c. 
of decinormai permanganate, bnt, according to VII, 18*9 X -J = 
23*6 c.c. Under the above conditions of experiment, the red colora¬ 
tion, showing an excess of permanganate as well as its characteristic 
absorption spectrum, was seen when 23*8—24 c.c. had been added. 
A series of analogous experiments gave a similar lesult, proving that 
the reaction really corresponds with the equation VII. 

Titrating back with Ferrous Sulphate .—On adding pezmangauate to 
the sulphuric acid solution of tellurium dioxide, an evolution of 
ozonised oxygen is observed, and the red-brown solution becomes, 
after a few minutes, turbid. This turbidity, due to the separation of 
manganic hydrate, takes place later, when the solution contains a 
larger excess of free sulphuric acid. In order to destroy the higher 
manganese compounds, a decinormai solution of ammonium ferrous 
sulphate, containing some free sulphuric acid was added, until the 
solution became clear and colourless, after which the excess of ferrous 
salt was titrated in the usual way by permanganate. After subtrac¬ 
ting the volume of permanganate corresponding with the ferrous 
salt (col. Ill), from the total permanganate added (col. II), the 
volume of decinormai permanganate used for the oxidation of 
tellurium dioxide is obtained (col. IV). 


No. of 
expt. 

KMn0 4 

added. 

FeiSOj 

back. 

£Mn0 4 
for oxid. 

Te0 2 

taken. 

TeO a 

found. 

TeO». 


c.c. 

C.C. 

C.C. 

gram. 

gram. 

p.C. 

15 

27*11 

9*10 

18 *01 

0-1418 

0-1437 

101-4 

16 

26 *06 

8*04 

18 -02 


0-1437 

101*4 

17 

25*96 

8-01 

17 9a 


0-1430 

100-9 

38 

25 -96 

8*01 

17-92 


0*1430 

100-9 

19 

20*94 

7 08 

13 *01 

0 -i()20 

0*1038 

101-8 

20 

21*74 

8-02 

12-82 

99 

0*1023 

100*3 

21 

32*67 

19-83 

12-84 


0-1023 

100-3 

22 

19 96 

8-20 

11*76 

0-0910 

0 0940 

100 0 

23 

19*15 

7-18 

11*97 

n 

0 0933 

101-6 

24 j 

19*12 

7-18 

11-94 

i 

M j 

0 0933 

101 4 

25 j 

19 *03 

7-18 

11 *87 

■1 

0*0947 

100-8 

26 

19*03 

7-18 

11*85 


0*0946 

100*6 

: 


1 

1 

1 

i 

Mean.. •. 

101*0 


As a mean, 1 per cent, of tellurium dioxide is found, over and above 
the quantity taken for the experiment, as 1 per cent, of the available 
oxygen of the permanganate escapes as free ozonised oxygen. The 
experimental errors are, of course, larger the smaller the quantity of 
dioxide taken. 

Titrating book with Oxalic Add .—The method becomes more 
elegant when, instead of the ferrous salt, decinormai oxalic acid is 











244 


BRA.UXER: THE VOLUMETRIC ESTIMATION 


used for the destruction of fcbe manganic compound formed. For, 
firstly, one and the same solution may be used both fox* the destruc¬ 
tion of the manganic salt and for standardising the permanganate;* 
secondly, an absolutely colourless solution is obtained after the 
decomposition of the brown manganic compound, so that the end of 
the reaction becomes far more sharp than when the ferrous salt is 
used; and lastly, oxalic acid is preferable to the easily oxidisable 
ferrous salt, on account of its stability. 

On carrying out tbe analysis, decinormal permanganate is added 
to the tellnro-snlphuric solution in notable excess, which is—after 
some practice—easily distinguished by the colour of the brown solu¬ 
tion, and then, from a second burette, decinormal oxalic acid is ruu 
in quickly in quantity more than one-third and less than one-half 
the volume of the decinormal permanganate which has been added. 
The solution becomes completely decolorised, either at once or after 
gently warming. The liquid is then heated to about 60°, after which 
permanganate is again added from the first burette in slight but distinct 
excess, and the volume of decinormal permanganate used for the oxida¬ 
tion of the tellurium dioxide is obtained after expressing the total added 
as decinormal, and subtracting the volume of decinormal oxalic acid 
added. The weight of tellurium dioxide (col. VI) is obtained on 
multiplying the c.c.’s of decinormal permanganate by 0*00798 gram 
(log. == 7*90200). 

It should be added, that, according to direct experiments, telluric 
acid remains unchanged, not only on warming with dilute sulphuric 
and decinormal oxalic acid to 60°, but also even on boiling for five 
minutes. 

The following series of experiments (p. 246) show the manner in 
which sulphuric solutions of tellurium dioxide behave towards per¬ 
manganate when its excess is titrated back with oxalic acid. 

Jt is seen, from the following series of experiments, that the quantity 
of decinormal permanganate which oxidises tellurous to telluric acid, 
in sulphuric acid solution, equals, as a mean, 101*1, when the 
theoretical quantity is taken as = 100. The surplus of 1*1 per cent, 
permanganate used is explained by the evolution of free oxygen 
which escapes in the ozonised form while the permanganate is flowing 
into the tellurous solution. The following experiment confirms the 
fact that evolution of gaseous oxygen really takes place during the 
reaction. The wide glass tube u, of about 100 c.c. capacity, is 

# On dissolving 16 grams of permanganate in 5 litres of water and decanting the 
solution, which has stood for some days, from the manganese oxides separated, a 
solution was obtained, 19 8 c.c. of which were found equivalent to 20 c.c. of deci¬ 
normal oxalic acid. This relation remains unaltered for months, when the solutions 
are kept in the dark. 
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furnished on its upper part with a glass stopcock, b, and a funnel, c. 
The continuation of the lower narrow part d, forms a capillary tube 
t>e . To this, on its upper end, a thin, wide rubber tube, /, is joined. 
At first the capillary and the rubber tubes are filled with water, after 
which both ends of the rubber tube are closed by clamps or ligatures 
g and h. Then, through the funnel c, the sulphuric solution of 
tellurium is poured into the wide tube a, and then some water con¬ 
taining sulphuric acid on to the surface. At last a solution of peiman- 
ganate is poured in cautiously, so that the whole tube is filled with 
ihe liquid, and part of it 1 eaches into the funnel c. 



After closing the stopcock 6, and opening the tap or ligature at //, 
the tellurous solution is mixed with the permanganate by inclining 
the apparatus. At this moment a contraction takes place, and the 
v ater contained in / runs into the tube a, m order to fill the vacuum. 
Without the above arrangement, air would rush into the apparatus 
through the joints. Alter the liquids have been mixed, numerous 
gas bubbles are evolved in tbe liquid, and after some time collect 
underneath the stopcock 6, and, at the same time, part of the liquid 
contained in a escapes through the capillary ee into /, so that this 
wide, soft rubber tube acts in tbe beginning, and at the end of the 
experiment, as a reservoir in opposite senses. 

On filling c with w ater and collecting the evolved gases in a small 
eudiometer by opening the stop-cock, it is easily shown that it 
consists principally of oxygen (a little nitrogen present is due to the 
air in the liquids originally employed). 
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No. of 
expt. 

AMn0 4 

added. 

back. 

KMn0 4 
for oxid. 

TeOg 

taken. 

Te0 3 

found. 

TeOu 


c.c. 

c.c. 

cc. 

gram. 

gram. 

p.c. 

27 

33 *5 

15 *0 

18*5 

0 *1463 

0-1476 

100*9 

28 

33*5 

15 0 

18 *5 


0*1476 

100*9 

29 

26*6 

11 *9 

14*7 

0*1166 

0*1173 

100*6 

30 

24-7 

9*93 

14 75 


0*1177 

100*9 

31 

26*25 

11 *55 

14*7 


0*1173 

100*6 

32 

29 07 

10 *0 

19-07 

0 *1508 

0-1522 

100*9 

33 

25 *45 

<5-3 

39*15 


0 *1528 

101*3 

34 

25*3 

6*3 

19*0 


0 *1516 

100*5 

35 

20*83 

8*0 

12 *83 

0*1020 

0-1024 

100*4 

36 

20*93 

8*0 

3 2*93 


0 1032 

101*2 

37 

20 97 

8*0 

12*97 


0 *1035 

101 *5 

38 

21*43 

8*5 

12-98 


0 -1032 

101 *2 

39 

21-43 

8*5 

12*93 


0 -1032 

301 *2 

40 

17*89 

6*0 

11*89 

0-0940 

0 -0949 

100*9 

41 

47*68 

16*0 

31*68 

0-2501 

0 -2528 

101 *1 

42 

42*25 

33*0 

27 *25 

0 *2163 

0-2175 

! 100*5 

43 

42*67 

15*0 

27*67 

0 2191 

0*2208 

300*8 

44 

29*74 

10 *87 

18*87 

0*1487 

0*1506 

101 *3 

45 

27*83 

8*89 

18*94 


0*1511 

101*6 

46 

29*83 

10*87 

18*96 


0-3513 

301 *7 

47 

74*28 

23*21 

51 *07 

1 

o 

0 4075 i 

301 *0 

48 

46*23 

15*0 

3L-23 

0-2460 

0*2500 

101 *3 

49 

60*51 

23*0 

37 *51 

0 -2956 

0 2993 

101 *3 

50 

20*44 

7*0 

13 *44 

0-1053 

0-1073 

101 *8 

51 

20*40 

7*0 

13 *40 


0 -1069 

101*5 

52 

29*45 

16 0 

13-45 


0 1073 

101*8 

53 

26*39 

13*0 

13*39 


0*1069 

101 *t 

54 

37*73 

14 0 

23 *73 

0*1880 

0-1894 

100*7 






Mean .. 

101 *1 


The volume of the gas is but small, as, on oxidation of 1*596 grant. 
TeO s (y-fo of gram., mol. weight), only 0*0016 gram, of oxygen 
or 1*119 c.c. are evolved. In quantitative experiments, a somewhat 
larger volume was always found, owing to the reasons stated below. 

It is not easy to explain this evolution of free oxygen and ozone. 
It may be assumed that part of the nascent oxygen atoms of perman¬ 
ganate unite to molecules before they find time for oxidising the 
tellurous acid. Another probable exp’anation is that this evolution of 
free oxygen is due to the decomposition of the unstable manganic* 
sulphate formed. In order to throw some light on this process, an 
attempt was made to vary the conditions of the experiment in such a 
way that the evolution of oxygen was larger than 1*1 per cent. 

Exp. 55 was made in the normal "way, and gave a normal result. 
In Exp. 56, the permanganate was added to a hot tellurous solution; 
in Exp. 57, the whole volume of permanganate was mixed at once 
with the tellurous solution; in the Exps. 58, 59, and 60, the oxidised 
tellurous solution had stood for three hours in the dark, with the 
permanganate added, before titrating back with oxalic acid; Exp. 61 
was made at a boiling beat. 












OF TELLURIUM. 


Ml 


No. of 
expt. 

KM11O4 

added. 

c 2 o 4 h 

back. 

EMn0 4 
for oxid. 

Te0 2 

taken. 

TeO, 

found. 

Te0 2 


c.e. 

c.c. 

cc. 

gram. 

■SB 

p.c. 

55 

30-61 

10 

20*61 

0-1627 

0*1645 

101*1 

56 

31 *89 

10 *92 

20*97 

J» 

0*1673 

102*9 

57 

40*0 

19 

21-00 

J» 

0-1676 

103*0 

58 

36*95 

12 

24*95 

0*1845 

0-1991 

107-9 

59 

36*56 

32 

24*56 

>» 

0*1960 

106*2 

60 

47*17 

23 

24*17 


0-1939 

104*5 

61 

36*40 

13 

23 *40 

•> 

0-1867 

101 *2 


From the results of these experiments, it follows that the evolution 
of free oxygen is connected with the formation of the unstable man¬ 
ganic sulphate, which is decomposed with evolution of oxygen. As 
regards the further explanation of this evolution of oxygen, I must 
refer to the influence of different quantities of sulphuric acid on the 
action (Exps. 64—79). 

Could the experiments be earned out under such conditions that the 
formation of the manganic salt could be avoided, it might be expected 
that the evolution of free oxygen would be lessened. 

Now ferrous sulphate and oxalic acid destroy the manganic salts at 
the moment of their formation. Especially notable is the behaviour 
of oxalic acid, which, at the ordinary temperature, remains for some 
minutes unchanged when mixed with potassium permanganate in the 
presence of sulphuric acid; but on adding oxalic acid to a solution of 
tellurium diovide in sulphuric acid, and then permanganate drop by 
drop, complete docolorisation takes place, and this effect is produced 
the quicker the more sulphuric acid is present, so that a permanent 
coloration shows that both the telluric and oxalic acids are oxidised. 
The same takes place in the presence of ferrous sulphate, so that the 
processes are represented by the following equations:— 

YIIT. 4To0 3 + H 3 C 2 O t + 2KMn0 4 + 3FL,S0 4 = 4TeO, t + 

K 3 SQ 4 4 * 2MnSOj, 4 * 2 CO 2 4 ~ 4HaO, and 
IX. 4TeO* + 2VeS0 4 4 - 2KMn0 4 4- 41T,R0 4 = 4TeO a + 

K*S0 4 4- 2MnS0 4 4- Fe 2 (S0 4 ) 3 4- 4H 8 0. 

On carrying out the experiments, practically no formation of man¬ 
ganic sulphate takes place, but, strange to say, the evolution of free 
oxygen is not prevented. This is proved by the Exps. 64,65, 66, and 
67, in which this method was used, and, further, by the two follow¬ 
ing (p. 248). 

Exp. 21 gave a similar result where the titration was done in the 
presence of ferrous sulphate 

It is seen that the evolution of oxygen takes place, even in the 
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No. of 
xpt . 

KMn0 4 

added. 

c 2 o 4 h 2 

added. 

XMn0 4 
for oxid. 

TeO s 

taken. 

Te0 3 

found. 

TeO> 


c c 

c c. 

c.c. 

gram. 

gram. 

■■ 

62 

36*65 

16 

20*65 

0 *1627 

0*1648 


63 

U *47 

21 

23*47 

0*1845 

0*1873 

HI 


absence of manganic sulphate, and it remained, therefore, to study 
further the cause of this phenomenon. Jt was, indeed, found that it 
is a function of the amount of sulphuric acid present in the solution. 

In the following experiments, a weighed quantity of tellurium 
dioxide was dissolved in the smallest amount of sodium hydroxide, 
and measured volumes of this solution were mixed with successively 
increasing volumes of sulphuric acid of 42 per cent. (1 : 1). 1 c.c. 
of the acid was sufficient to bring the precipitated acid into solution. 
The following table contains only the volumes of decinormal perman¬ 
ganate used, the volume calculated from the equation VI necessary 
for oxidation without evolution of oxygen being taken as = 100. 


First Series . Taken 0T709 gram TeO z . 


No. of 
expt. 

KMn0 4 
for oxid. 

Per cent. 

K£0 4 

1:1. 


c.c 


C.C. 

— 

(21 -42) 


— 

64 

21 *59 

100*8 

0 5 

65 

21'63 

101 *0 

1*0 

66 

21 *65 


1*5 

67 

21 63 j 

101 *0 

2 0 

68 

21*52 

100*5 

3*0 

69 

2L *59 


5*0 

70 

21*59 

10J*8 

5*0 

71 

21 63 


10*0 

72 

21 78 

101 *7 

20*0 


See'tnd Series. Takrn 0T437 gram Te0 2 . 


No. of 
expt. 

KMn0 4 
for oxid. 

Per cent. 

h.so 4 

(l-i) 


C.O. 


c.c. 

— 

(18-01) 

100*0 

— 

73 

18*21 

101T 

10 

74 

18*29 

101 *6 

20 

75 

18 *41 

102 2 

30 

76 

39*06 

105*8 

50 

77 

19*19 

106 6 

100 

78 

20*42 

313 *4 

25* 

79 

21 *13 

122 *9 

50* 


* Concentrated acid. 
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It will be seen from tbe above experiments tbat tbe evolution of 
free oxygen increases with the increase in the amount of sulphuric 
acid present, but the results are identical within experimental error, 
so long as the volume of sulphuric acid present does not exceed 
10 c.c. It must be understood that dilution with water does not alter 
the amount of permanganate used—a fact confirmed by numerous 
experiments, an account of which is, however, omitted. 

It is probable that the fact that more permanganate is UBed than is 
theoretically necessary, and the evolution of free oxygen connected 
with it, is due to the presence of sulphuric acid. This reaction is, 
therefore, a peculiarity of the nascent telluric acid, which causes part 
of the oxygen atoms from the permanganate to arrange themselves in 
diatomic and triatomic molecules. 

With regard to the practical use of the process in estimating tel¬ 
lurium dioxide in a sulphuric acid solution by means of permanganate, 
it will be necessary, after subtracting the permanganate corresponding 
with the oxalic acid added, to multiply by the corrected coefficient 
0*0078932 (log. = 7*8972-5), instead of by the theoretical coefficient 
0*00798 gram, resulting from the equation VI. On using this factor 
in calculating the above series of Exps. 27 to 54, very satisfactory 
results are obtained, having due regard to unavoidable experimental 
errors. For the absolute error of the minimum experiment (35) 
amounts only to —0*0006 gram, and of the maximum experiment 
(52) to +0*0008 gram TeO> The application of the method is seen 
still better from the following experiments:— 


No. of 
expt. 

KMnOj 

added. 

c 2 o 4 h s 

back. 

KMb 0 4 
for oxid. 

Tc0 2 

taken. 

TeO s 

found. 

Difference. 


c.c. 

c.c. 

C.C. 

grain. 

gram. 

gram. 

80 

30-69 

10 


0-1627 

0*1625 

-0*0002 

81 

30-61 

10 

20-61 

39 

0-1637 

0*0000 

82 

31-67 

11 

20*57 

99 

0 1623 

-0*0004 

83 

34-34 

11 

23*34 

0-1845 

0-1842 

-0*0003 

84 

33-40 

10 

23 *40 

1} 

0-1847 

+ 0*0002 

85 

86-65 

13*1 

23-45 

»» 

0-1831 

+ 0*0006 

86 

34-37 

11 

23-37 

)) 

0-1845 

0*0000 

87 

36-40 

13 

23*40 

» 

0-1847 

+ 0 0002 


The calculation with the corrected coefficient gives theoretically 
the same result as if the permanganate had been standardised with 
weighed quantities of telluriam dioxide; practically, the result is 
better, as the coefficient depends on a mean number obtained from a 
large series of experiments. 
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Experiments in Alkaline Solution . 

As, in estimating tellnrous acid -with permanganate in tlie presence 
of sulphuric acid, evolution of free oxygen takes place, I hoped to 
obtain better results by working in alkaline solution; under these 
conditions no evolution of oxygen takes place. 

On adding potassium permanganate solution to one of tellurous 
acid in sodium hydroxide (containing sodium tellurite), a green 
coloration is momentarily produced (formation of manganate), but 
the liquid soon becomes brown, and manganese dioxide separates, 
according to the following equation:— 

X. 2KMn0 4 + 3TeO, = K a O + 2Mn0 2 + 3TeOj. 

In fact, an alkali tellurate is formed, and probably also some 
telluric compound of manganese. 

The following experiment proves that the process strictly corre¬ 
sponds with the equation X. 

Exp. 88.—0*18 gram TeO a requires, according to the equation V, 
22*56 c.c. of decinormal permanganate for oxidation. 2 mols. oi 
KMnO* oxidise in case VI, 5 mols., in case X, 3 mols., of TeOj, &o 
that the relation of volumes of permanganate necessary for oxidation 
of one and the same quantity of dioxide becomes VI: X = 3:5. 
In alkaline solution, the quantity of permanganate used for the 
oxidation of 0*18 gram of Te0 2 becomes, therefore, 22*56 x = 37*6. 

On carrying out the experiment, there was a distinct violet colora¬ 
tion, after the addition of from 37*6 to 38 c.c. of permanganate. 

In practice, a decided excess of permanganate is run into a solution 
of tellurium dioxide in pure sodic hydrate, after which dilute* sulph¬ 
uric acid is added in some excess, and then, for the destruction of the 
higher compounds of manganese, decinormal oxalic acid, in quantity 
corresponding with about one-half of the volume of permanganate is 
added, after which the liquid, heated to GO 0 , is titrated back in the 
usual way with permanganate. 

Several preliminary experiments show the applicability of the 
method. 


No. of * 
expl. 

EMn0 4 

added. 

CaOJI, 

back. 

TOIuO* 
tor oxid. 

TeO s 

taken. 

ToO a 

found. 


C.C. 

c.c. 

C.C. 

gram. 

gram. 

89 

42 *59 

20 

22*59 

0*1800 

0*1803 

90 

42*58 

20 

22*58 

» 

0*1802 

91 I 

| 41*55 

19 

22*55 

)] 

0*1800 

92 

41*55 

19 

22*55 

,| 

0*1800 

93 

42*56 

20 

22*56 

9} 

0*1800 
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In order to avoid errors due to the measuring of the test solutions, 
somewhat larger quantities of tellurium dioxide, dried at 105°, were 
weighed out, and dissolved in caustic soda separately for every ex¬ 
periment. While the permanganate was being run in, no evolution 
of oxygen took place, but on the addition of sulphuric acid, a feeble 
but distinct smell of ozone was observed. This requires that, as a 
mean, 0*35 per cent, of pprmanganate more is required for oxidation 
over and above the theoretical quantity calculated from VI. On 
using decinormal oxalic acid for standardising the permanganate, 
every c.c. of the decinormal solution is to be multiplied in this case 
by the corrected coefficient 0*007952 gram (log. = 7*90048). 

In the following tabic (Exp. 94—102), in col. V, numbers are con¬ 
tained which give the permanganate used when the quantity 
calculated under the assumption that the reaction corresponds with 
the equation VI is taken = 100, and col. VII contains the numbers 
calculated with the corrected coefficient:— 


No. of 
expl. 

EMn0 4 

added. 

0 3 0 4 U> 

back. 

iaiu0 4 
for oxid. 

Per 

cent. 

TeO_, 1 
taken. 

TeO. 

found. 

* 

Difference. 


c.e. 

c.c*. 

c.c. 


gram. 

gram. 

gram. 

94 

78-38 

33 

4a-38 

100 *36 

0-3870 

0 -3370 

0*0000 

93 

68-17 

33 

35-17 

100*47 

0*2793 , 

0-2797 

+ 0*0004 

96 

131*90 

00 

71-90 

100*39 

0*5710 

0-5718 

+ 0*0002 

97 1 

99 *75 

43 

56-75 

100 *31 

0 *4515 

0-4513 

-0*0002 

93 

179*04 

78 

101-04 

100*45 

0*8027 

0-8035 

+ 0*0008 

99 

61 *G8 

27 

31-86 

100*44 

0*2755 

0-2758 

+ 0*0003 

100 

75*09 

93 

•12 -70 

103*24 

0*3400 

0-3396 

-0-0004 

101 

114 *52 

50 

61 -52 

100*31 

0*5132 

0-5137 

+ 0 0005 

102 

i 

133 *89 

i 

63 

72-80 

100*20 | 

0 *5800 

0-5796 

-0*0010 


Mean, 100*33. 


The numbers contained in col. VII differ but very little from the 
quantities actually taken (col. VI, as a minimum by ± 0*0000 gram 
and as a maximum by •+• 0*0008 and — 0*0010), so that, if we con¬ 
sider that an error in measuring of + 0*1 c.e. corresponds with an 
error of + 0*0008 gram of To0 2 , the estimation of tellurium dioxide 
iu alkaline solution, by means of permanganate, may be considered to 
be no less accurate than the estimation of ferrous oxide with the same 
reagent. 

As regards the pi*actieal application of the method, the following 
may be remarked:— 

If tellurium dioxide is to be determined in hydrochloric solution, 
either the stannous chloride method described in my first paper may 
be used for the approximate estimation, or, as a hydrochloric solu¬ 
tion cannot he titrated with permanganate, the following process may 
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be employed :—The hydrochloric solution is evaporated with a small 
quantity of sulphuric acid on the water bath until no more hydro¬ 
chloric acid escapes, the last traces being driven off by heating the 
residue in a sand bath until fumes of sulphuric acid are evolved. 
There is no fear that tellurium tetrachloride will be volatilised, as 
tellurous sulphate is formed. To the residue, some water and sodium 
hydroxide are added until solution takes place, after which an estima¬ 
tion is made with permanganate in the manner described. 

Exp. 103.—0*1765 gram of TeO a was dissolved in 5 c.c. strong 
hydrochloric acid and evaporated with 0*5 o.c. H2SO4. After solution 
in sodium hydroxide, 22*23 c.c. of decinormal permanganate was 
used for oxidation, which corresponds with 0*1768 gram of TeO> 
instead of the 0*1765 gram taken. This shows the accuracy of the 
method. 

I append the analyses of several tellurium preparations. 

Exp. 104.—An analysis was made of the product obtained on 
dissolving tellurium in aqua regia, and repeatedly evaporating to 
dryness with nitric acid; this was considered by Wills (this Jo urn., 
1879, Trans., 70 et seq.) to be telluric hydrate. It contains in reality 
tellurous, telluric and nitric acids together with water, but the 
question was to estimate as dioxide the amount of tellurium present. 
This was done both ( a ) gravimetrically and (5) volumetrically. 

(a.) 0*867 gram of the product dried at 105° gave, on heating to 
feeble redness, 0*745 gram of Te0 2 * 

(5.) 0*3455 gram of substance was dissolved in hydrochloric acid 
and evaporated with H 2 S0 4 . 

The acid solution required 37*57 c.c. decinormal permanganate 
= 0*29655 gram of Te0 2 , 

(a.) Ghravimetrieally. (5.) Volumetrically. 

Percentage of TeO a .... 85*93 85*83 

Exp. 105.—Analysis of basic tellurous sulphate. 0*243 gram in 
sulphuric solution, required 24*67 c.c. of the permanganate solution 
= 0*1947 gram of TeO s = 80*1 per cent. Calculated for TcjO^SOi 
== 80*0 per cent. 

Exp. 106.—Analysis of tellurinm tetrabromide. 2*6242 grams of 
the pure tetrabromide used for the atomic weight determinations was 
heated with a large excess of sulphuric acid on the water bath, but 
even after a week’s action, both in concentrated and dilute solution, 
only a slight decomposition took place. In order to expel the 
bromine, tbe solution was cautiously heated with an excess of nitric 
acid, which acts very violently, and the excess of acid was then re¬ 
moved by evaporation until fumes of sulphuric acid appeared. Prom 
the solution diluted to 150 c.c., 20 c.c. representing 0*3499 gram of 
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TeBr 4 required as a moan 15*8 o.c. of the permanganate for oxidation 
= 0 0997 gram of Te (coefficient 1 c.c. = 0*00063106 gram Te). 
Percentage of Te : found : 28*50 ; calculated 28*52 (for ToBr 4 ). 

I venture to think that the volumetric estimation of tellurium by 
means of permanganate is more exact than any other method for its 
determination, and at the same time the results are obtained in much 
less time. The volumetric estimation of telluric acid will form the 
object of a future paper. 


XXIX.— Fermentation * induced by the Pneumococcus of Friedlander . 

By Percy P. Feankland, Ph.D., B.Sc. (Lond.), A.R.S.M., P.I.O., 
Arthur Stanley, P.C.S., and William Frew, P.C.S. 

Amongst the numerous contributions which have been made by 
Bi'ieger to our knowledge of the chemical products resulting from the 
vital processes of micro-organisms, there are two (Zeit. physiol . Ohem ., 
8,306—31, and 9,1—7) on the substances formed in T>he cultivation of 
the well known Pneumococcus of Friedlander in certain media. 

By growing this specific micro-organism in suitable solutions of 
grape or cane sugar, Brieger obtained principally acetic acid, together 
with some formic acid and ethyl alcohol. The same products were 
also obtained by the growth of this organism in solutions of calcium 
lactate and creatine. As these transformations are only incidentally 
described by Brieger, without the precise relative proportions of the 
products having been determined, we have endeavoured to place these 
fermentations on a more quantitative basis, and to further investigate 
the behaviour of this micro-organism towards other carbohydrates. 

In our experiments, the Pneumococme employed was originally 
obtained by one of us from the Hygienic Institute of Berlin, in 
January, 1886, and continuously further cultivated for a period of 
nearly three years on gelatin-peptone before being used for fermenta¬ 
tion purposes. 

In order to ensure the purity of the organism used in the following 
experiments, we submitted one of the growths to plate-cultivation, 
and thus made a single colony the basis of further operations. 

It is unnecessary to enter into a description of the morphological 
chaiacters of the Pneumococcus (Friedlander) which is to be found 
in any of the modern text-books of bacteriology. 
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Fermentation of Glueobe. 

The following solution was prepared for the purpose:— 


Glucose, 60 grams.. 

Peptone, 6 grams. 

Liebig's extract, camis , 2 grams. 
Calcium carbonate, 20 grams.., 


} the whole made up with 
distilled water to 
2000 cc. 


This solution was placed in a capacious flask, plugged with sterile 
cotton-wool, and the whole was then finally sterilised by steaming lor 
two hours on each of three successive days. 

The sterile solution was inoculated with a single loop of a platinum 
needle, which had been dipped into a culture derived from one of the 
colonies referred to above, the flask being then placed in the incu¬ 
bator at 39° C. On the following day the liquid was already in active 
fermentation, which, however, only continued for a period of two 
days, and as by the sixth day all visible action had ceased, the liquid 
was forthwith submitted to analysis. 

Two-thirds of the liquid were, in the first place, distilled off, and 
the distillate worked up for alcohols. To this end it was redistilled 
several times, two-thirds of the liquid only being taken over on each 
occasion. When the liquid had in this manner been reduced to about 
1000 grams, its density was carefully taken by means of the specific 
gravity bottle. In this way 64*6876 grams of liquid, sp. gr. 0*9983 
(at 15*5°), were obtained, corresponding to 0*91 per cent., or 
0*5897 gram ethyl alcohol. 

As a check on this determination, the liquid was again repeatedly 
distilled, until only about one-half of the former volume remained. 
On then again taking the density, the 33*4826 grams of liquid wore 
found to have a sp. gr. of 0*99757, corresponding to 1*34 per cent., or 
0*4487 gram ethyl alcohol. 

The residue from which the alcohol had been distilled in the first 
instance, and which would contain any acids in the condition of 
calcium salts, was treated with 340 c.c. of normal hydrochloric acid 
(the quantity required to neutralise the 20 grams of calcium carbon¬ 
ate nsed was 348*3 c.c.), an insufficient quantity of acid being added 
in order to only partially liberate the organic acids, and thus obtain a 
purer product on distillation. 

The liquid thus partially neutralised with hydrochloric acid was 
distilled down to a small bulk, and the distillate boiled up with excess 
of barium carbonate (see Frankland and Fox, “ On a Pure Fermenta¬ 
tion of Mannite and Glycerin,” Froc . Boy. Soc ., 46,345 —357). In this 
manner, 1*5422 gram barium salt, dried at 130°, was obtained, yield- 
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ing on ignition with sulphuric acid, 90**73 per cent, barium sulphate. 
Barium acetate yields 91*37 per cent, barium sulphate. 

The above salt must, therefore, have been almost pure barium 
acetate, possibly mixed with a trace of a salt of a fatty acid of higher 
molecular weight. 

To the residue in the distilling flask, water was added, and the dis¬ 
tillation again carried to small bulk; from the distillate, 1*4434 gram 
of barium salt was similarly obtained, yielding 94*72 per cent, of 
barium sulphate. This second salt must, therefore, have been a 
mixture of barium acetate and formate, thus :— 

Barium formate yields 102*64 per cent, barium sulphate. 

In fact, the percentage 94*72 barium sulphate corresponds to— 

1*0144 gram of barium acetate. 

0*4290 „ „ formate. 

The full quantity of hydrochloric acid was now added to the 
residue in the distilling flask, and the two further distillates obtained 
were united and converted into 0*3752 gram of barium salt, yielding 
92*06 per cent, of barium sulphate, thus corresponding to— 

0*3522 gram of barium acetate. 

0*0230 „ „ formate. 

Six more distillates were obtained giving together only 
0*1620 gram of barium salt, yielding 90*99 per cent, of barium 
snlphate, and thus consisting of almost pure barium acetate. 

The residue left after distilling off the volatile acids as above was 
repeatedly shaken out with ether, and the united ethereal extract, 
af cer driving off the ether, was treated with excess of carbonate of 
soda. The sodium salt thus obtained was extracted with absolute 
alcohol, and the insoluble residue, after being dissolved in water, was 
acidified with hydrochloric acid, and repeatedly shaken out with 
ether. The ethereal extract yielded, on evaporation, a residue weighing 
0*0280 gram, which was presumably succinic acid, as it gave the 
characteristic irritating fumes of the latter on ignition. 

The products of the fermentation in question may be thus sum¬ 
marised : — 

Ethyl alcohol.. 0*5897 gram. 

Acetic acid.... 1*4451 „ (Barium acetate = 3*0708 gram). 

Formic acid .. 0*1832 „ (Barium formate = 0*4520 „ ). 

Succinic acid.. 0*0280 „ 
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Fermentation of Mannitol . I. 

The following solution of mannitol 


Mannitol. 60 grams-j 

Peptone. 2 „ I the whole made up with 

Carbonate of lime. 15 „ f distilled water to 

Salt solution .. * 200 e.c. J 2000 c.c. 


was prepared, and, after due sterilisation, was inoculated with a single 
loopfull of a pure cultivation of the pneumococcus in a similar 
mannitol solution. After inoculation the mannitol solution was 
placed in the incubator at 39°, and remained there 40 days, until the 
slow fermentation which set in had entirely ceased. The liquid was 
then submitted to a perfectly similar process of analysis to that above 
described for the glucose fermentation. The volatile acids yielded 
the following barium salts :— 

I. 5*0513 grams of barium sab (dried at 130°), yielding 
4*6161 grams BaSO* =» 91*38 per cent. BaS0 4 (barium 
acetate yields 91*37 per cent. BaSO*). 

II. 1*2320 gram barium salt, yielding 1*0976 gram BaS0 4 = 
89*09 per cent. BaS0 4 . 

III. 0*0750 gram barium salt, yielding 0*0628 gram BaSO* = 
83*74 per cent. BaS0 4 . 

Thus, as in the case of the glucose fermentation, the volatile acids 
consisted chiefly of acetic acid, but traces of formic acid were also 
detected qualitatively, and the salts II and III, from the percentage 
of barium sulphate which they yielded, appeared to contain some 
higher fatty acid, but owing to the small total quantity of salt, the 
nature of this acid could not be further investigated. 

The distillate from the fermented liquid, after repeated rectifica¬ 
tion, yielded 64*0874 grams of liquid of sp. gr. (at 15*5°) 0*9890, 
corresponding to 6*42 per cent, of ethyl alcohol by weight or 
4*11 grams of ethyl alcohol. On further concentrating tiie liquid by 
repeated rectification, 31*7790 grams of liquid of 0*9809 sp. gr. were 
obtained, corresponding to 12*46 per cent, or 3*96 grams of ethyl 
alcohol. The liquid was dried with anhydrous potassium carbonate, 
after which its boiling point was found to be 79°. 

!Prom the residue, after distilling off the volatile acids as described 
above, a minute quantity (0*0108 gram) of succinic acid was 
obtained. 

j Fermentation of Mannitol . IL 

A second experiment on mannitol was made in order to ascertain 
whether the fermentation would be more complete if a larger quan- 
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tity of nitrogenous nutriment were provided for the organism. For 
this purpose the following solution was prepared:— 

Mannitol. GO grams **) 

Liebig’s extract . camis ... 2 „ I the whole made up with 

Peptone. G „ | distilled water to 

Carbonate of lime. 20 „ J 2000 c.o. 

This solution, after sterilisation, was inoculated as before from a 
mannitol cultivation of the pneumococcus, and submitted to analysis 
after remaining 36 days in the incubator at 39°. 

The following products were obtained :— 

Volatile Acids. 


I. 4*1798 grams barium salt (dried at 130°), yielding 
3*8154 grams BaSCh = 91*28 per cent. BaSOi (barium 
acetate yields 91*37 per cent. BaS0 4 ). 

II. 1*3784 gram barium salt, yielding 1*2498 gram BaSO* = 
90*67 per cent. BaS0 4 . 

III. 1*1604 gram barium salt, yielding 0*9808 gram BaSO± = 
84*52 per cent. BaS0 4 (barium propionate yields 82*32 per 
cent. BaS0 4 ). 


Thus again whilst the principal volatile acid is acetic there is 
evidence of a considerable proportion of a higher fatty acid, probably 
propionic. The last fractions of salts obtained as above are, how¬ 
ever, always gummy in appearance, and the low percentage of barium 
may, therefore, not impossibly be due to some other impurity and 
not to a higher fatty acid; this applies also to the last fractions of 
barium salt obtained in the previous fermentation (see p. 255). 

Alcohols .—After repeated rectification, 63*9424 grams of liquid of 
sp. gr. 0*9868, corresponding to 7*92 per cent, of alcohol, or 5*06 
grams, were obtained. This liquid, after further repeated rectifica¬ 
tion, yielded 31*6842 grams of sp. gr. 0*9779, corresponding to 
14*83 per cent, of alcohol, or 4*70 grams. On drying the alcohol 
with anhydrous potassium carbonate, its boiling point was found to 
be 79°, or that of ethyl alcohol. 

Fixed Add .—A trace of what was apparently succinic acid was 
extracted from the residue after distilling off the volatile acids. 

The products of the three fermentations examined may be thus 
summarised:— 

I. II. HI. 


Glucose, with 
peptone and 
extract of meat. 


Ethyl alcohol. 0*5897 grm. 

Volatile acids ealeu-1 j.ggyg 
lated as acetic acid / ” 


Mannitol, with, 
peptone only. 

4*11 grms. 
2*9921 „ 


Mannitol, with 
peptone and 
extract of meat. 

4*06 grms. 
3*1617 „ 







258 FRANKLANJ), STANLEY, AND FREW: FERMENTATIONS 


The above results* show that in each case, and especially in that of 
the glucose, only a very partial decomposition had taken place, more¬ 
over neither the extent nor the nature of this fermentative decompo¬ 
sition was materially altered in the moie nutritious medium pro¬ 
duced by the addition of extract of meat and a larger quantity of 
peptone. 

The products of the fermentation, essentially ethyl alcohol and 
acetic acid, are similar to those obtained by one of as (loo. cit .) in the 
fermentation of mannitol by a totally different organism, the Bacillus 
ethaceticns. Indeed, not only are the products of fermentation similar 
in their nature, but the proportion in which they are respectively 
formed is almost identical in the two cases ; thus— 

Mannitol fermented by JPneumo - 
coct us 

i. n. 

1-37 1*60 

Mannitol fermented by Bacillus 
ethaceticus. 

I. II. 

r«3 1*63 


Proportion of alcohol to vola- 
tile acids, calculated ns 
acetic acid. j 


This ratio corresponds closely to the molecular proportions:— 

SGjHyOH : CH 3 -COOH = 1*53. 

(2 X 46) (60) 

But although the alcohol and acetic acid, produced in the fermen- 
tions in question, thus stand to each other in virtually the same pro¬ 
portion, the absolute amounts produced are much less in the case of 
the Pneumococcus than in that of the B. ethaceticus fermentation. In 
fact, in the most complete of the latter feimentations practically 
twice the amount of these products was obtained, as with the 
Pneumococcus , thus:— 


Mannitol Fermentations. 

Bacillus ethaceticus. Pneumococcus. 


Alcohol. 11*415 grams. 5*06 grams. 

Acetic acid. 7*008 „ 316 „ 


It is very noticeable that mannitol, as the above results show, is 
more readily fermentable by the Pneumococcus than glucose; this 
point we have not only confirmed qualitatively several times, but we 
have also compared the relative facility with which the several 
substances which we have found to he attacked by this organism are 
fermented. 
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Thus on inoculating from one and the same cultivation* * * § of the 
Pneumococcus into similar solutions'}* of glucose, mannitol, cane- 
sugar, and dextrin, and preserving all at 39°, the 


Glucose fermented on the 6th day after inoculation. 
Mannitol „ „ 5th „ „ 

Cane-sugar „ „ 5th „ „ 


Dextrin 


5th 


Again on inoculating from the latter mannitol culture (when it 
was 13 days old) into similar solutions, the 

Glucose fermented on the 4th or 5th day after inoculation. 
Mannitol „ „ 3rd day after inoculation. 

Cane-sugar „ „ 3rd „ „ 

Dextrin „ „ 3rd „ „ 


Whilst on inoculating from the latter mannitol culture (when it 
was nine days old), the glucose, mannitol, and cane-sugar all com¬ 
menced fermenting on the same day, viz., the third after inoculation. 
(No dextrin solution was inoculated in this case.) 

Again, on inoculating from a glucose broth J culture (five days 
old), the 

Glucose fermented on the 4th or 5th day after inoculation. 

Mannitol „ „ 3rd day after inoculation. 

Cane-sugar „ „ 2nd „ „ 

Dextrin „ „ 4th or 5th day after inoculation. 

Similarly on inoculating from an ordinary gelatin culture, the 

Glucose fermented on the 8th day after inoculation. 

Mannitol „ „ 4th „ „ 

Cane-sugar „ „ 4th „ „ 

In this case the glucose fermentation was also visibly feebler than 
the other two. 

Thus, although there is some irregularity§ in the several series of 
experiments as to the precise period which elapses between the time 
of inoculation and the commencement of fermentation, the balance of 

* This culture was in a 3 per cent, solution of mannitol, as given on page 255; it 
was 6 days old at the time. 

f These were all 3 per cent, solutions, similar to the mannitol. 

I A 3 per cent, solution of glucose in water to ‘which one-tenth of its volume of 
the ordinary peptone broth has been added. 

§ This irregularity doubtless depends upon the quantity of ferment inoculated, 
and also upon differences in its vitality at the time of inoculation. 
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evidence points to tlie glucose being tbe least, and to tlie mannitol 
and cane-sugar being the most readily fermentable. 

"We have repeatedly endeavonred to ferment dnlcitol with the 
Pneumococcus, but have invariably failed. The Pneumococcus, 
therefore, like the B . ethaceticus, possesses the extremely interesting 
property of discriminating between the isomeric bodies mannitol and 
dnlcitol. 

Unlike the B. ethaceticus, the Pneumococcus does not ferment 
glycerol. 


The Fermentation Gases . 

The decompositions of glucose and mannitol recorded above are 
attended with a considerable evolution of gas, the nature of which 
has been further investigated by one of us. For this purpose, small, 
narrow-mouthed bottles of a little more than 100 c.c. capacity were 
employed; 100 c.c. of solutions of glucose and mannitol respectively 
were introduced into these, which were then plugged with sterile 
cotton wool, and the whole steam-sterilised on three successive days. 
These bottles were then inoculated from' a fermenting cultivation of 
the Pneumococcus , and the cotton-wool stoppers rapidly exchanged for 
indiarnbber ones fitted with delivery tubes, both of which had been 
duly sterilised with steam, each delivery tube also contained a small 
plug of asbestos to prevent the passage of unsterilised air into the 
bottle. 

The inoculated bottles so fitted were then placed in an incubator, 
kept at about 36°, whilst the delivery-tubes passed through apertures 
cut in the side of the latter, and dipped into a mercury-bath. Tlie 
evolved gases were then collected in a series of test-tubes, roughly 
measured, and several samples representative of the various stages of 
the fermentation were submitted to careful quantitative analysis. 

In the following table (p. 261), the volumes of gas collected during 
the two fermentations are recorded. 

Thus the total volume of gas collected in the fermentation of the 
3 grams of glucose was 150*5 c.c., and in that of the same quantity of 
mannitol 209*6 c.c. As the measurements were only approximative, 
it has not been considered worth while to correct them for tempera¬ 
ture and pressure (the temperature was in all cases about 16—18°). 
It will be seen that the volumes of gas given off in the two cases 
fully confirms what has been stated above concerning the more ready 
fermentation of the mannitol. 

The progress of the fermentations is more readily followed by 
means of tbe following graphic representation, in which, the abscissa) 
represent the lapse of time in days since inoculation, whilst the 
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No. of days 
after inocu¬ 
lation. 

Glucose. 

Mannitol. 

Volume of gas. 

Total volume 
of gas 
collected. 

Volume of gas. 

Total volume 
of gas 
collected. 

4 



_ 

Tube (1) 21 -6 o c. 

21 *G c.c. 

5 

Tube(l) 1G*3 c.c. 

10 *3 c.c. 

„ (2)18-3 „ 

39-9 „ 

7 

91 

2)21-3 „ 

37 6 „ 

„ (3)20-6 „ 

60-5 „ 

8 

99 

.3)16-2 „ 

53 -8 „ 

— 

— 

9 

99 

» 11 1 .. 

66-2 „ 

(4)16-8 „ 

77-3 „ 

11 

* 

iii i mm 

89 *2 „ 

,,*(5)23-5 „ 

100*8 , 

12 

99 

[6)18-1 „ 

107*3 „ 

(6)12-7 „ 

113*5 „ 

14 


[7120-6 „ 

127*9 „ 

„ (7)27-1 „ 

140 *6 „ 

15 


— 


„ (8)14-7 „ 

155*3 „ 

17 


— 

— 

*(9) 27-1 „ 

182*4 „ 

21 

„ * 

(6)19-0 „ 

146*9 „ 


— 

25 

„ (0) 3-6 „ 

150-5 „ 

— 

— 

31 


— 

— 

,,*(10)24-5 „ 

206*9 „ 





27 „ 

209*6 „ 


ordinates denote the volume of gas given off, measured in cubic 
centimetres. 



10 20 30 

Days after inoculation. 


In order to ascertain the composition of the fermentation gases. 
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Samples of the gas evolved at different stages of the fermentation 
were submitted to careful analysis. The portions of the evolved gas 
submitted to analysis are indicated in the above table by a *. 

Thus in the case of the glucose fermentation, the 5ih and 8th 
tubes, and, in the case of the mannitol fermentation, the 5th, 9th, 
and 10th tubes of gas were analysed. 

The following are the results of analysis stated in parts per 100 by 
volume. 


Glucose Fermentation . 



Tube 5. 

Tube 8. 

I. 

n. 

_ .1 

Mean. 

I. 

IT. 

Mean. 

eo 3 . 

51*06 

51 *22 

51*14 

56 *62 

56*51 

56*57 

o. 

0-09 j 


0 07 

0*00 

— 

OOO 

ii. 

47 26 

47 *55 

47*41 

43*20 

43*20 

43 24 

N. 

1-59 

1*18 

1*38 

0*18 

0 20 

0 19 


100*00 

300 00 

100 *00 

100*00 : 

100*00 

100*00 


Proportion of H : COi = 1:1 *08. Proportion of H • CO* = 1:1 *31. 


Mannitol Fermentation. 


! 

Tube 5. 

I. 

II. 

III. 

Mean. 


51 *S0 

31 *36 

53 *45 

51*60 

o. 

0*19 

0*22 

0-00 

0*14 

IT. 

47-07 

47*64 

47-88 

47*53 

N. 

0*94 

i 

0-58 


0*73 


100*00 

100 *00 

100*00 

100-00 


Proportion of H : CO s = 1:1 *09. 
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Mannitol Fermentation . 



Tube 9. 

Tube 10. * 


I. 

II. 

Mean. 

I. 

II. 

Mean. 

CO. 

54*68 

54'65 

54*67 

50-57 


50*57 

0. 

0*06 

0'17 

0*11 


1*08 

169 

u. 

45*21 

45 *18 

4520 

42*45 

42-44 

4244 

N. 

0*05 

0*00 

0 02 

5*28 

5*31 

5 30 


100*00 

100*00 

100 *00 

100*00 

100*00 

100*00 


Proportion of H : CO> = 1:1*21. Proportion of H CO> = 1: 1*19. 


The fermentation-gases consist thus exclusively of carbonic an¬ 
hydride and hydrogen, and in no case was there any trace of methane 
or other gas yielding carbonic anhydride on explosion with oxygen. 
The small quantity of nitrogen found in the early tubes in each case 
is duo to the residual air in the fermentation-bottles and delivcry- 
tubos, which contained, of course, a few cubic centimetres of air 
above the liquid. The analyses, moreover, show that a part of the 
oxygen of this air had been absorbed by the fermenting liquid, or 
rather by the organism, which is capable of both aerobic and an¬ 
aerobic life and activity. 

With the exception of the ordinary butyric fermentation, this is, 
as far as wo are aware, the only pure fermentation in which the 
evolution of hydrogen has been demonstrated. The same gas, as will 
afterwards be shown, is also evolved in the fermentations excited by 
the B. ethaceticus , which have been described by one of us. 

The proportion of hydrogen to carbonic anhydride by volume 
shows that these gases are given oft in approximately the same 
number of molecules of each, or, more accurately, 10 mols. of hydro¬ 
gen to 13 mols. of carbonic anhydride in the case of the glucose, and 
10 mols. of hydrogen to 12 mols. of carbonic anhydride in that of tlie 
mannitol. This larger proportional evolution of hydrogen in the case 
of tlie mannitol is what might have been anticipated from a considera¬ 
tion of the larger percentage of hydrogen in mannitol than in glucose. 

The carbonic anhydride evolved, it must also be borne in mind, 
is not wholly obtained from the primary decomposition of the 
glncose or mannitol, but is also partially a secondary product 
derived from the decomposition of the carbonate of lime by the 
acetic and formic acids to which the fermentation gives rise. 

* A. bubble of air accidentally gained access to this tube iu removing it from the 
mercury-bath; hence the high percentages of oxygen and nitrogen found. 
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In order to further examine the evolved gases, and determine, not 
only the ratio between the carbonic anhydride and hydrogen, but also 
between these and the amounts of alcohol, acetic and formic acids 
produced, the experiments with the mannitol were repeated on a 
larger scale (using 400 c.c. of the 3 per cent, solution of mannitol). 
As we thought that possibly some of the gases might have diffused 
through the indiarubber stoppers of the fermenting bottles, we took 
the further precaution of tliickLy coating the outside of the stoppers 
with paraffin, thus rendering all diffusion or loss of gas out of the 
question. 

The experiment was performed in duplicate, and the follow quan¬ 
tities of gas were obtained:— 


Volume of Gas evolved in the Fermentation of 400 c.c. of Mannitol Solu¬ 
tion (3 per cent.). 


No. of days 
after inocula¬ 
tion. 

Yol. of gas 
from. Bottle I. 

Total vol. of 
gas collected 
from Bottle I. 

Yol. of gas 
from Bottle 11. 

Total vol. of 
gas collected 
from Bottle II. 

4 

64-? 

6V 7 

34*4 

34*4 

5 

35 -8* 

100 *5 

15 *6* 

50*0 

7 

156*8 

257-3 

— 

— 

10 

— 

— 

260*0 

310*0 

11 

224*0 

481 *3 

50-6* 

360*6 

13 

— 

— 

78-0 

438*6 

15 

120*0 

601*3 

— 

— 

16 

32*2* 

633-5 

— 

— 

17 

31 *2 

064-7 

— 

— 

18 

36*0 

700-7 

- i 

— 

19 

40*3 

741-0 

117*4 

550*0 

20 

26*0 

767-0 

15*6* 

571-8 

23 

120 *0* 

887-0 

— 

— 

27 

— 

— 

G3*2 

635*0 

33 

126*0 

1013-0 

— 

— 

34 

17 *0* 

1030-0 

— 

— 

41 

43*0* 

1073-0 

— 

— 

44 

— 

— 

82*5 

717*5 

59 

74*0 

1147-0 

— 

— 

06 

6*8 

1153 -8 

36*0 

753 *5 


The evolution of gas can be more easily followed by reference to the 
graphic representation on p. 265, in which the ordinates represent the 
volumes of gas, and the abscissae the time of fermentation. 
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Mr. McCowan, B.Sc., Lecturer on Mathematics and Physics in 
University College, Dundee, has very kindly investigated the nature 
of these curves, and calculated their equations. He finds that 
although, as the above figure indicates, they are quantitatively 
different, yet qualitatively they are very much alike, and can be 
represented by similar equations. In both cases the initial portion of 
the curve with the upward concavity has been neglected, as this 
does not really refiect the progress of the fermentation, owing to the 
absorption of carbonic anhydride by the liquid in the first instance. 
It is only after about the 8th day that the curves assume their normal 
form. 

The upper curve, representing the fermentation in which most gas 
was evolved, is defined by the equation 


_ 6 * 73 ^ 

° “ 1 - 0'006t + 0-005744* 5 

in which v = volume, in cubic centimetres, of gas evolved and t = 
time in days during which the fermentation has been proceeding. 

Thus comparing the actually observed results with those obtained 
by calculation from the above equation, we have— 


Days. 

Volume (calculated). 

Volume (obtjer 

5 

151 cx. 

110 c.c. 

10 


435 „ 

20 

847 „ 

825 „ 

30 

1012 „ 

987 „ 

40 

1083 

1060 „ 

00 

1137 „ 

1145 „ 


VOL. LUC. 
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Thus from the 10th day to the close of the fermentation, the cal¬ 
culated and observed volumes exhibit the most striking concordance. 

Again the lower curve, representing the fermentation in which the 
smaller volume of gas was evolved, is defined by the following 
equation:— 

. _ 4 * 96 ^ 

* 1 - 0-0044 + 0-0064? ’ 

in which v and t have the same significance as above. 

Thus comparing the calculated with the experimental results we 
find 


Days. Volume (calculated). Volume (observed). 


4 

73'0 o.o. 

34 c.c. 

6 

148-0 „ 

90 „ 

7 

188-5 

140 ,. 

8 

230-0 ,. 

210 „ 

9 

271-0 „ 

270 

10 

310-5 „ 

310 „ 

IS 

468-0 .. 

480 ,. 

19 

553-5 .. 

555 

20 

569-0 „ 

571 „ 

30 

672-0 .. 

657 „ 

60 

750-0 „ 

750 „ 


Here again, after the 8th day, the coincidence between experiment 
and calculation becomes very complete. 

We believe that the irregularities iu the results obtained in such 
fermentation experiments are due in the first instance to differences 
in the quantity and vitality of the organisms introduced, and secondly 
to the pressure under which the fermentations take place being sub¬ 
ject to variations. Thus, in the above experiments, the evolved gases 
were collected over mercury, and the pressure in the fermenting 
bottles would obviously alter with the considerable variations in the 
depth of mercury in the trough, and it is more than possible, indeed 
from our knowledge of the action of carbonic anhydride under pres¬ 
sure, it is highly probable, that any increase of press nre would have 
the effect of checking the fermentation to an appreciable extent. 

We are at present extending our observations on the evolution of 
gas during fermentation, and we shall in the future introduce pre¬ 
cautions to guard against the probability of such irregularities 
arising. 

Specimens of the gas given off at different stages of the two fer¬ 
mentations were again submitted to careful analysis, and in the pre¬ 
ceding table the portions thus examined are indicated by a *. 
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The following results were obtained :* 


Fermentation L 



Composition of gases evolved on 

5th day. 

16th day. 

i 

23rd day. 

34th day. 

41st day. 

co 3 . 

27-04 

51-77 

1 

61-29 

66-18 

65-47 

o . 

2-05 

0-09 

0*15 

0*22 

0-09 

H . 

48-69 

47-97 

38 -26 

88-47 

34-19 

N,. 

22*22 

0-17 

0-30 

0*13 

0-25 


100*00 

100 -oo 

100 -00 

100-00 

100-00 


Fermentation II, 


Composition of gases evolved on 



1 5th day. 

1 

11th day. 

20th day. 

! 

co 3 . 

1 19 86 ' 

50-07 

58*45 

0. 

3*55 

0-07 

0*21 

H. 

36 *74 

49*52 

41*30 

isr. 

39 *85 

0*34 

0*04 


100-00 

i 

100*00 

100*00 


These analyses fully confirm the results obtained in the previous 
series of experiments made on the smaller scale. They show that the 
oxygen of the air present in the first instance in the fermenting bottle 
is rapidly consumed during the growth, and that the gas evolved is 
first richer in hydrogen than carbonic anhydride, which relationship 
is reversed in the latter part of the fermentations. This reversal is 
doubtless due to the carbonic auhydride being at first largely ab~ 
sorbed by the water of the fermenting liquid with formation of 
calcium bicarbonate, so that the real relationship between the 
carbonic anhydride and hydrogen evolved can only become apparent 
in the latter part of the fermentation, whilst at the very end the 
carbonic anhydride again predominates in consequence of the slow 
decomposition of the calcium bicarbonate at first formed. In round 
numbers this relationship may he taken as 6 vols, or molecules of 
carbonic anhydride to 4 vols. or molecules of hydrogen 

After the completion of these fermentations we also determined 
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the quantity of the other products, alcohol and volatile acids, accord¬ 
ing to the methods previously described.* We obtained the following 
results:— 



Fermentation I. 

Fermentation II. 

Alcohol— 



Barmin s&Xfis • •»• • 

3 *0615 grams. 

2*321 grams. 

Yielding BaS0 4 . 

91 *39 per cent. 

90 *89 per cent. 

Equivalent to ethyl alcohol. 

1 *106 gram. 

0*837 gram. 

Volatile acids — 



Barium salts. 

1 *3055 gram. 

1*467 gram. 

Yielding BaS0 4 . 

97 *17 per cent. 

96 *29 per cent. 

Equivalent to acetic acid. 

0*653 gram. 

0 *7276 gram. 


On comparing these results with those obtained in the fermenta¬ 
tions of mannitol on the larger scale, as recorded on p. 257, it will be 
seen that in the case of the small fermentations the quantities of 
alcohol and acetic acid obtained are approximately in the same pro¬ 
portion as those of the large fermentations. In the large fermenta¬ 
tions 2000 c.c. of a 3 per cent, solution of mannitol were employed, 
in the small ones, on the other hand, only 400 c.c. of a similar solu¬ 
tion ; on multiplying the products obtained in the latter by five, we 
obtain the following comparative figures:— 



Large fermentations. 

Small fermentationb 

I. 

n. 

la. 

Ua. 

AlqnlinT .. ............ ... 

4* 11 grams. 

2*9921 ,, 

1*37 

5 *06 grams. 

3 -1617 „ 

1-60 

5 *53 grams. 

3*265 „ 

1*69 

4 *185 grams* 

3*6380 „ 

1*15 

Volatile acids, calculated as acetic 
add........................ 

Proportion of alcohol to volatile 
adds, calculated as acetic acid.. 


The comparative uniformity of the decompositions brought about 
by this organism is the more noteworthy, when it is mentioned that 

* The mode of procedure was only altered in respect to the determination of the 
alcohol, which was effected by oxidation with chromic acid (see Frankland and 
Frew, this voL, p. 83). 
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the fermentations I and TI took place in London in 1888, whilst la 
and Ila were carried ont in Dundee in 1890, exactly two years later. 

Owing to the close agreement between the results of the fermenta¬ 
tions Hand la, we shall take these as representing the typical course 
of the fermentative process and in the following deductions make use 
of these results only; the evolution of gas in the case of Fermenta¬ 
tion la being considerably in excess of that in Fermentation Ila, also 
points to the former being the more complete of the two fermen¬ 
tations. 

In the case of Fermentation la, we have then the following quali¬ 
ties of the several products :— 

Carbonic 

Alcohol. Acetic acid. anhydride. Hydrogen. 

1*106 gram. 0*653 gram. 1*3648 gram. 0*0413 gram. 

In the calculation of the weights of the carbonic anhydride and 
hydrogen evolved, we have assumed that the average composition of 
the 1154 c.c. of evolved gas was 6 vols. of C0 2 to 4 vols. of H, as in¬ 
dicated by the analyses of the later portions of gas given off. 

The above weights are found to stand in the following pro¬ 
portion :— 

Carbonic 

Alcohol. Acetic acid. anhydride. Hydrogen. 

26*78 : 15*81 : 33*05 : 1 

Now these figures are in very close accord with those correspond-* 
ing to the following molecular proportions:— 

90 2 H 6 0 : 40®H*0 8 r 12C0 2 • 8H2 

(9 x 46) (4 x 60) (12 x 44) (8 x 2) 

414 240 528 16 

25*9 : 15*0 : 33*0 : 1 

These products, alcohol, acetic acid, carbonic anhydride, and 
hydrogen, in the above proportions, are most readily referable to the 
decomposition of the mannitol according to the following equa¬ 
tion :— 

6C 6 Hu 0 6 4- OHj — 9C 2 H<jO 4* 40 2 Ha0 2 4 1000 2 4 8H 2 j 

but the 4 molecules of acetic acid acting upon the excess of calcium 
carbonate employed in the fermentation will yield two further mole¬ 
cules of carbonic anhydride, thus 

4CJSA 4- 20a00 3 = 200* + 20H* 4- 2Ca(C 2 H 3 0 2 )* 
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the net products determined being thus 

90gH s 0 + 4 O 2 H 4 O 2 + I 2 OO 2 4* 8H 2 , 

as calculated above from the results of actual experiment. 

The results of our investigation may be summarised as follows:— 

1. —The Pneumococcus of Friedlander sets up a fermentative 

process in suitable solutions of dextrose, cane-sugar, milk- 
sugar, maltose, rafiinose. dextrin, and mannitol. 

2. —It does not ferment solutions of dulcitol or glycerol, and has 

thus the power, like the Bacillus ethaceiicus , of distinguishing 
between the isomers mannitol and dulcitol. 

3. —In the fermentation of dextrose and mannitol, the principal 

products are ethyl alcohol and acetic acid with a smaller pro¬ 
portion of formic acid and traces of a fixed acid, in all prob¬ 
ability succinic acid. 

4. —The gaseous products are carbonic anhydride and hydrogen. 

5. —The ethyl alcohol, volatile acids (calculated as acetic acid), 

carbonic anhydride, and hydrogen approximate to the mole¬ 
cular proportions 

90 2 H 6 0, 4 C 2 HA, 1200 a , 8H 2 . 

6. —The production of which may be most readily referred to the 

following equations:— 

60«H 14 0 8 4- OH s = 9C2 HbO 4* 4 C 2 H 4 O 2 + lOCOa 4~ 8 H 2 , 
which is followed by 

4 C 2 H 4 O 2 4~ 2CaC0 3 = 200a 4* 20Ha 4" 2 Ca(C 2 H- 30 a )2 


A COBKECTION 

Action of Seat on Nitrosiil Chloride . 

By J. J. Sudbobotjgh and J. H. Millab. 

In our paper on the action of heat on nitrosyl chloride, published 
in the February number of the Transactions (this vol., p. 73), we 
gave the percentage of dissociation corresponding to each density 
determined experimentally. We are indebted to Mr. Norman 
Leonard, B.Sc., for pointing out that, owing to an erroneous assump¬ 
tion, the figures given in the last column in the table, p. 80, are too 
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high. The corrected percentages of dissociation should stand as 
follows:— 


Temperature. 

784°. 

. 5-54 

796 . 

. 8“22 

815 . 

. 10-64 

928 . 

. 2517 

968 . 

. 3919 

985 . 

. 41-85 


XXX.— Contributiom to our Knowledge of the Aconite Alkaloids . 

Part I. On the Crystalline Alkaloid of Aconitum napellus. 

By Professor W. R. Dunstan and W. H. Ince, Ph.D. 

(Prom the Research Laboratory of the Pharmaceutical Society.) 

Thf discovery of an alkaloid in the root of Aconitum napellus was 
made by Geiger and Hesse ( Annalrn , 7, 276) in the year 1833. 
This alkaloid, which they did not succeed in crystallising, was named 
“aconitine.” Some years later, von Planta (Annalen^ 74, 257) 
obtained what was apparently the same alkaloid and analysed it in 
the amorphous state. The analytical data pointed to the formula, 
C35H47XO7- 

In 1860, T. B. Groves (Pharm. Joum. Trans. [2] viii, 121) obtained 
from the root of this plant a crystalline alkaloid which furnished 
crystalline salts. In 1871, Duquesnel (Ann. Chim . Phys. [4], 25,151) 
pointed out that the method of Geiger and Hesse which was generally 
employed in extracting the alkaloid from the root was objectionable, 
since it involved heating the substance with mineral acids and with 
alkalis, both of which were likely to decompose it. Duquesnel 
believed that the amorphous character of commercial specimens of 
the alkaloid was due to the presence of decomposition products of 
the crystalline alkaloid formed during its extraction. The process 
suggested by him for obtaining the alkaloid from the root was 
intended to obviate these defects. The powdered root is exhausted 
with alcohol acidified with tartaric acid, an acid which, unlike mineral 
acids, does not attack the alkaloid. The alcoholic solution is con¬ 
centrated at a low temperature (60°), and then precipitated with 
sodium hydrogen carbonate. The precipitate is crystallised from a 
mixture of ether and light petroleum. 

VOL. LIX. 


X 
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The alkaloid thus obtained, melted at 140°, and on combustion 
yielded numbers which agreed best with the formula It 

was lsevo rotatory and furnished crystalline salts. 

In 1875, the question as to the nature of the aconite alkaloids was 
taken up by Dr. C. B. A. Wright, whose researches were aided by 
grants from the British Pharmaceutical Conference. This enquiry 
lasted many years, and was productive of a number of interesting 
and important results which may be briefly summarised here, so far 
as they relate to the alkaloids of Aconitum napellus. 

The crystalline nitrate prepared by Mr. T. B. Groves was 
chemically examined. The base regenerated from this salt afforded, 
on combustion, numbers which stand about midway between those 
calculated from the formulae C 32 H 43 NO 10 and C&H^NOn. A more 
detailed examination was made of a new specimen of alkaloid which 
had been extracted by Mr. T. B. Groves from 1 cwt. of roots pur¬ 
chased in commerce as those of Aconitum napellus. Prom this crude 
alkaloid there were finally obtained two distinct alkalo'idal nitrates 
which furnished two bases, both soluble in ether, the one being de¬ 
posited from its ethereal solution as a varnish which refused to 
crystallise, the other in distinct crystals. Both of these bases yielded 
crystalline Balts. The uncrystallisable base did not produce the 
tingling of the tongue which is characteristic of aconitine. On 
account of its bitter taste, this alkaloid was called picro-aconitine. 
The name aconitine was reserved for the crystalline base. 

The composition of piero-aconitine seems to be best expressed by 
the formula CjiEUKOio, and its crystalline hydrochloride by the 
formula C^HisKOicHOl -f 1^H 2 0. The aurochloride, 

C 31 H 45 N O l 0 ,HAuCU, 

is a pale-yellow precipitate, very slightly soluble in water. The 
platinochloiide (not analysed) is extremely soluble. This uncrystal¬ 
lisable alkaloid was apparently not present in the root of Aconitum 
1 napellus with which Mr. T. B. Groves first worked. 

The crystalline aconitine was burned after recrystallisation from 
ether. It gave nnmbers agreeing with the formula CajEWNOu. Its 
properties were identical with those of the alkaloid first obtained by 
Mr. Groves, and also with the crystalline aconitine of Duquesnel. 
Further examination proved, however, that the alkaloid was still 
contaminated with traces of impnrity which repeated crystallisation 
from ether failed to remove. That this was the case was evident 
from the fact that its properties were changed by conversion into a 
salt, repeated crystallisation of the salt from water, and regeneration 
of the base from it. The regenerated base, after recrystallisation 
from ether, afforded the following results on combustion. 
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Calculated fop 
"Found. CjsH^NOis. 

C. 61*71 per cent. 61*39 per cent. 

H . 6*78 „ 6*67 


It would, therefore, appear that the formula of crystallised aconitine 
is C 33 H 43 NO 13 . The hydrochloride and anrochloride were prepared and 
analysed. The latter salt is precipitated in pale-yellow flakes when 
auric chloride is added to a solution of aconitine hydrochloride. The 
amonnt of gold contained in the dried precipitate was ascertained to 
he 19*98 per cent.; that calculated for the formula CgaH^N'Oi&HAuUh 
is 19*92 per cent. 

A fresh quantity of alkaloid was now isolated by Messrs. Hopkin 
and Williams from 2 cwts. of root, Duquesnel’s process being em¬ 
ployed for the purpose. Resin was removed by extracting the acid 
liquid with light petroleum, and the alkaloid precipitated with potas¬ 
sium carbonate in slight excess. The precipitate was removed. The 
alkaline flltrate was found still to contain alkaloid, which was thrown 
out, after acidifying, with A layer’s reagent, and the base regenerated 
from the mercuric compound. It yielded some crystalline aconitine, 
but the greater part consisted of uncrystallisable alkaloid , which 
furnished uncrystallisable salts, and hence was not picro-aconitine. 

The precipitate thrown down by potassium carbonate was succes¬ 
sively extracted with small quantities of ether, and the ethereal 
solutions agitated with solution of tartaric acid in order to remove 
alkaloid, and leave in the ether a small quantity of resin. The acid 
liquid was precipitated with sodium carbonate, and the resulting 
alkaloid collected and partially dissolved in ether. This ethereal 
solution deposited some slightly coloured crystals which were dis¬ 
solved in benzene, and precipitated by adding light petroleum. This 
constituted the first specimen of crystalline alkaloid. A second 
specimen was obtained from the ethereal mother liquors, which Anally 
left a residue of uncrystallisable alkaloid resembling that which had 
been dissolved by the alkaline liquid. On combustion, this amorphous 
substance afforded numbers which agreed approximately with those 
recorded by v. Planta, and from which he deduced the formula 
C 30 H 47 NO 7 . It is probably a mixture. 

The crystalline alkaloid, after recrystallisation from ether, was 
converted into hydrobromide, and this salt crystallised from water. 
Specimens of alkaloid regenerated from this compound were burned, 
and afforded tbe following results:— 

Mean result of the com- Calculated for 

bustion of seven specimens. 


0. 61*02 per cent. 61*39 per cent. 

H. 6*79 „ 6*67 

x 2 
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Another portion of crystalline alkaloid gave 0 61’41 per cent., 
H 6*81 per cent., which agreed better with the suggested formula. 
The alkaloid melted at 183—184°, and formed a crystalline hydro- 
bromide, CsaH^NO^HBr + 2§H 2 0, and an aurochloride, 

CsaH^O^^AuCh. 

The percentage of total alkaloid in the root was about 0*07 per 
cent., of which 0*03 per cent, was crystalline aconitine, and 0'04 per 
cent, uncrystallisable base. 

It appears from these results that the root of Aconitum napelhts 
contains but one crystalline alkaloid. This had been obtained from 
each of the three separate batches of root examined. Picro-aconitine, 
the amorphous base yielding crystalline salts, had only been found in 
one parcel of roots, and would thus seem not to be a constant consti¬ 
tuent. It may have originated from foreign root which was present 
in one of the collections of roots of Aconitum napellus . 

Besides picro-aconitine, a second amorphous alkaloid was isolated, 
which did not form crystalline salts. This substance was only found 
in one collection of roots, and seems to correspond with the alkaloid 
of v. Planta. It may be a decomposition product of aconitine. The 
existence of a crystalline alkaloid in the root of Aconitum napellus may 
be regarded as certain, but the occurrence of the two amorphous 
alkaloids above referred to requires confirmation. 

The later results which Dr, Wright gained from an examination of 
Aconitum ferosc and Japanese aconite root have rendered it probable 
that the different species of this plant yield distinct alkaloids, and, in 
future work on this subject, it will therefore be necessary to carefully 
establish the homogeneity and exact source of the roots which are 
submitted to chemical investigation. 

More recently the crystalline alkaloid of Aconitum napellus lias 
been examined by Jurgens { Inaug . Dissert^ Dorpat , 1885). The 
origin of the roots used is not stated, and there is no evidence that 
they were carefully selected. They were extracted with alcohol, and 
the residue left by the alcoholic liquid, on evaporating it at first at 
100°, and finally under reduced pressure at a low temperature was 
found to be acid, no foreign acid was therefore added. Resin having 
been removed by extraction with ether, the liquid was made alkaline 
with sodium hydrogen carbonate, and the alkaloid removed from it 
by repeated agitation with ether. The residue from the distillation 
of the ethereal solution was faintly acidified with a dilute solution of 
hydrogen chloride, and the liquid poured away from the insoluble 
brown resin. 

By the addition of sodium hydrogen carbonate, the alkaloid was 
liberated from the acid solution and dissolved from it by ether. The 
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partly crystalline but coloured alkaloid left on the evaporation of tlie 
ether, was converted into the hydrobromide, and the alkaloid re¬ 
generated from this salt. By this means a colourless crystalline base 
was obtained, of which the root yielded as much as 0*2 per cent. 

This alkaloid melted at 179°. and afforded the following results 
when burned:— 


Mean result 
of three combustions. 


0 . 61*16 p.c. 

H. 7*26 „ 


Calculated for 

'WO., 

61*39 p. c. 61*02 p. c. 

6*07 „ 7*24 „ 


The mean result of four combustions showed that the substance 
contained 2*21 per cent, of nitrogen. The formula C 33 H 43 NO 13 corre¬ 
sponds with 2*17 per cent., whilst corresponds with 

2*16 per cent. 

The anrochloride was produced as an amorphous, pale-yellow pre¬ 
cipitate by the addition of auric chloride to a solution of the hydro¬ 
chloride by the alkaloid. This precipitate contained 19*84 per cent, 
of gold (C 3 iH 4 7 NOi 2 ,HAuCl 4 = 19*8 per cent.). The salt was crjstal- 
lised from a mixture of chloroform and ether. When heated, the 
crystals changed colour at 120° and melted at 140°. 

Prom the quantitative results recorded above, Jurgens concludes 
that crystalline aconitine is best represented by the formula CasH^N'O^, 
which differs from that suggested by Wright in containing an addi¬ 
tional four atomic proportions of hydrogen. 

Jurgens determined the solubility of the alkaloid in several 
liquids. He found that 1 gram of aconitine is dissolved by the fol¬ 
lowing quantities of the respective liquids at 22—24°:—Ether (rel. 
dens., 0*728), 39*21 grams; ether (rel. dens., 0 720), 63*9 grams; 
alcohol (rel. deus., 0*7945 at 21°), 37*04 grams; alcohol (90° Tralles), 
23*78 grams; light petroleum (rel. dens., 0*670) 2*806 grams; 
benzene, 5*5 grams; water, 726*4 grams.* 

Duqnesnel observed aconitine to be Icevorotatory. The specimen 
examined by Jurgens was inactive in the form of a 3 per cent, alco¬ 
holic solution when examined in a layer 200 mm. loner. The 
anhydrous hydrochloride in aqueous solution was strongly lasvo- 
rotatory [a] D = — 35*89°, from which result the specific rotation 
of the alkaloid contained in the solution was calculated to he 
[a]n -37*91°. 

Besides the crystalline alkaloid, Jurgens obtained from the roots 
two amorphous bases. One was found dissolved in the ethereal 

* In a determination of the solubility of the aconitine with which we have 
worked, made in this laboratory by Mr. J. C. TJmney, it was found that nearly ten 
time* this quantity of water was required. 
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solution from which the greater part of the aconitine had crystallised 
out. After purification it formed a coloured varnish, which melted 
below 100°. When boiled with alcoholic soda, it yielded benzoic acid 
and an amorphous base resembling the aconine of Wright. A com¬ 
bustion of the original substance showed it to contain of carbon 
67*74 per cent., of hydrogen 8*4 per cent. 

The second amorphous alkaloid was nearly insoluble in ether, but 
dissolved readily in chloroform, by means of which solvent it was 
isolated from the original alkaline liquid, after it had been completely 
extracted with ether. It seems likely that this substance may have 
been impure aconine, the product of the hydrolysis of aconitine. 

The Properties of Grystalline Aconitine from Aconitum Napellus. 

The alkaloid which we have examined is an indistinctly crystal¬ 
line powder having a yellowish-brown tint. The mode in which it 
was obtained is described in a paper by Mr. John Williams, read at 
the meeting of the British Pharmaceutical Conference, in 1887 
( Pharm . J. Trans . [8], 18, 238).* The coarsely ground root dried at a 
low temperature, was exhausted with amyl alcohol, a solvent which 
was found to be capable of readily dissolving the alkaloidal salts con¬ 
tained in the root. The solution was shaken with dilute sulphuric 
acid, and the acid liquid precipitated with sodium carbonate. The 
precipitate thus obtained was crystallised from ether. Mr. Williams 
states that besides the crystalline alkaloid^ nothing was isolated by 
this method except a minute quantity of “gummy amorphous” 
alkaloid, which remained obstinately attached to the crystals. 

Our first experiments were made with the indistinctly crystalline 
powder above reftrred to. This melted at 188*4° (corr.), and dis¬ 
solved readily in chloroform and benzene, less readily in alcohol and 
ether, and hardly at all in light petroleum. It crystallised best from 
a mixture of alcohol and ether, and by this means large, perfect 
crystals were obtained, forming tabular prisms belonging to the 
rhombic system. The crystals had a faint yellow tinge, and those last 
obtained from the alcoholic liquid were slightly contaminated with 
the amorphons, gummy substance to which Mr. Williams has alluded 
as being so difficult to remove. 

The results of two combustions of the original material were— 
Pound. Calculated for 

£~ II. <^H 4 ,N0 12 . CaH^NOtt. 

C. 61-31 61-51 p. e. 6139 6119 6111 p. c. 

H. 7-67 7-58 „ 6-67 6-95 7-26 „ 

* We are indebted for a supply of this very valuable material to the liberality 
of Messrs. Howards & Sons, of Stratford. 
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These numbers agree fairly well with Wright’s formula, but the 
sub&tance burned was known to be slightly impure. The alkaloid 
furnished well crystallised salts, from which pure alkaloid was re¬ 
generated. The aurochloride was thrown down as a pale-yellow, 
amorphous precipitate (m. p. 120°), when auric chloride was added to 
an aqueous solution of the hydrochloride, but was readily crystallised 
from its alcoholic solution. The properties of this salt were carefully 
studied, with a view to its employment as a means of characterising 
the pure alkaloid. It is readily soluble in absolute alcohol, chloroform, 
acetone, and methyl alcohol, less readily in ether and dilute alcohoL 
It is very sparingly soluble in water and dilute hydrochloric acid. 
The alcoholic solution does not decompose when heated, except in the 
presence of much water. 

The crystals melted at about 135° (con*.). In order to ascertain 
the melting point of the pure aurochloride, a considerable quantity of 
that prepared from the original alkaloid was fractionally crystallised 
from absolute alcohol, the crystallisation being facilitated by the suc¬ 
cessive addition of small quantities of water. When evaporation 
was necessary, it was effected in a vacuous desiccator over calcium 
chloride. The melting point of each fraction of crystals was ascer¬ 
tained, with the following results :—(1) 13*5°; (2) 135°; (3) 134°; 
(4) 135*6°; (5) 135°; (6) 132°. Bach of these numbers represents the 
mean of three determinations. Since no distinct separation was 
effected by this means, a solution of the hydrochloride was fraction¬ 
ally precipitated with auric chloride, each precipitate was crystallised 
from alcohol, and the melting points of the different crystals taken. 
These were (1) 129° ; (2) 135°; (3) 135°; (4) 135°. The first preci¬ 
pitate was very small, and evidently contained nearly the whole of the 
impurity with which the original alkaloid was contaminated In 
order to ascertain whether the gold salt melting at 135° was pure 
aconitine aurochloride, seven specimens of it, obtained in this and 
the preceding experiments, were burned with lead chromate. The 
mean result of these seven combustions was, carbon, 41*56 per cent.; 
hydrogen, 5*35 peroent.; gold, 19*66 per cent. A separate deter¬ 
mination of chlorine gave 13*85 per cent. These numbers do not 
agree well with any of the probable formulas for the alkaloid. 

Calculated for 

t - - -* 

Bound. GjgH^N O^HAuC^. O^HAnOI^. 


c.... 

41*56 per cent. 

40*2 

40*08 per cent. 

H... 

5-85 

4*36 

4*75 „ 

Aa .. 

19*66 

19*92 

19*8 

Cl... 

13*85 „ 

14*43 

14*34 „ 


It therefore appeared likely that the aurochloride melting at 135° 
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was still contaminated with an impurity richer in carbon, no doubt 
the same impurity (or its aurochloride) as that associated with the 
original substance. 

The experiments recorded above had shown that on adding auric 
chloride to a solution of the impure hydrochloride the impurity is 
precipitated fir st. Since the amount of this second substance is very 
small, we repeated the experiment of fractional precipitation, using a 
larger quantity of alkaloid in the hope of obtaining irom the later frac¬ 
tions aconitine aurochloride in a pure state. Ten grams of the original 
material were converted into hydrochloride, and sufficient auric 
chloiidewas added to precipitate about one-fifth of the base. The 
precipitate was filtered off and the remaining 8 grams of alkaloid 
recovered from the filtrate in the usual way. From a solution in a 
mixture of ether and alcohol the alkaloid crystallised in large, fiat, 
rhombic prisms, some of which were very perfect. These crystals 
have been measured, and their crystallographic characters described 
by Mr. A. E. Tutton (see p. 288), to whom our best thanks are due. 
They melted at 188*5° (corr.), and yielded an aurochloride which, 
after crystallisation from alcohol and drying over calcium chloride, 
melted at 135*5° (corr.). On combustion this compound, dried at 
first in a vacuum over calcium chloride and finally at 100°, afforded 
the following data:— 

Calculated for 



Found. CJ 3 H 45 N 0 12 ,HAuC1 4 . 

C33H43N OujHAuCIj 1 . 

0.. 

40*16 per cent. 

40-12 

40*2 pel- cent. 

H.. 

456 „ 

4-55 

4-86 M 

An . 

19*8 

19 96 

19-92 


We have since prepared this aurochloride (m. p. 135*5°) from various 
specimens of aconitine salts obtained in the course of the investiga¬ 
tion, and there can be no doubt that it is a pure substance. 

From the aurochloride, the pure alkaloid was regenerated by the 
following method, the only one which proved successful out of a large 
number that were tried; the addition of any alkali to aconitine auro¬ 
chloride causes oxidation of the alkaloid and consequent precipitation 
of metallic gold. The salt is finely ground with water in which it is 
nearly insoluble, and aqueous hydrogen sulphide is added drop by 
drop until all the compound has been changed to auric sulphide, and 
a faint smell of hydrogen sulphide remains permanent; the addition 
of excess of the precipitant should be avoided. The solution is then 
filtered, and, if necessary, a slow current of air passed through it to 
remove any hydrogen sulphide it may contain. Sodium hydrogen 
carbonate is then added in slight excess, and the liquid extracted 
with ether. 
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On combustion, the crystalline base thus recovered from the pure 
anrochloride and dried at 100 °, gave the following result, which is 
the mean of two determinations :— 

Calculated for 

Found* C&jUjjgJf 0 ig. 

0 •... 61’17percent. 61*20 6139 per cent. 

H.... 7*07 „ 6*95 6*67 

Burned in a Sprengel vacuum with a mixture of copper and copper 
oxide, 2*2 per cent, of nitrogen was obtained; the formula C 33 H 45 NO 12 
requires 2*16 per cent. 

Since the crystalline anrochloride can readily be produced even 
from small quantities of material, and has a definite melting point, its 
production constitutes a reliable means of identifying aconitine, whilst 
the pure alkaloid can easily be regenerated from the anrochloride and 
obtained in a crystalline state for examination. 

We find that aconitine itself, as well as its hydrochloride, is able 
to combine with gold chloride. This compound, which crystallises 
well, is obtained by mixing together ethereal or alcoholic solutions of 
aconitine and auric chloride and concentrating the liquid. Except in 
presence of excess of auric chloride, crystals separate as the liquid 
evaporates, but should they not do so the solution is precipitated with 
water to remove gold chloride, and the precipitate crystallised from 
alcohol. As this compound is extremely soluble in alcohol and in¬ 
soluble in water, it may readily be fractionally crystallised from its 
alcoholic solution by the successive additions of small quantities of 
water followed by slow evaporation in a desiccator. These remarks 
also apply to the true anrochloride of the alkaloid. 

The crystals of the new compound melt at 129°, that is, 6*5° lower 
than the anrochloride containing hydrochloric acid. The mean result 
of two combustions of the dry crystals for carbon and hydiogen, and 
of two determinations of gold and chlorine, were 

Calculated for 

t - K ' - \ 

Found. C 33 H 45 N OxsjAuCIj. CtgH^NO^yAuClj. 


0. 41*79 41*7 41*8 percent. 

H. 5*30 4*74 4*54 

An. 20*4 20*65 20*7 

Cl. 10*9 11*21 11*24 


This compound, which we shall call aconitine gold chloride , is more 
stable in solution, especially in presence of water, than the true auro- 
chloride. This greater stability may be partly due to the absence of 
hydrochloric acid, which readily induces hydrolysis of the alkaloid*. 
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Aconitine from Aconitum napellm is distinguished by its crystalline 
character and that of its salts. It may be identified by its melting 
point (188*5°, corr ) and by the formation of a gold salt from the base 
itself, as well as from the hydrochloride, the auroehloride 

(OaiH^NO^HAuCh) 

melting at 135*5° (corr.), and the aconitine gold chloride 

(CaaHtoNO^AnCli) 

melting at 129° (corr.). The pure base can be regenerated without 
difficulty from either of these compounds. 

Great discrepancy exists among the numbers which have been re¬ 
corded as the melting point of aconitine. Duquesnel gives 140°, 
Wright 183—184°, Jurgens 179°. The alkaloid examined by Du¬ 
quesnel appears from Wright’s results to have been impure. The 
want of concordance of our result (188 5°) with those of Wright and 
Jurgens may be due, apart from different states of purity and differ¬ 
ences in the methods of determination, to tbe circumstance that if 
aconitine is slowly heated it melts at a lower temperature than if 
quickly heated. Our practice has been to determine the melting 
point in a bath of paraffin long enough to entirely immerse the stem 
of the thermometer. The paraffin is heated to about 150° before the 
thermometer, with the thin glass tube attached to it, is immersed. 
During the whole operation the liquid is well stirred. The results 
obtained in this way are very concordant. 

As regards the composition of aconitine, our data agree best with 
the formula C 33 H 4 JNO 12 , which contains two atomic proportions of 
hydrogen more than that suggested by Wright and Luff (CjbH^NO^), 
and two atomic proportions of hydrogen less than the formula pro¬ 
posed by Jurgens, (C 33 H 47 NO 12 ). F or convenience of reference, we 
tabnlate here the composition of aconitine as determined by Wright 
and Luff, by Jurgens, and by ourselves, together with that calculated 
from the three formula?. In each instance the experimental result 
is the mean of several determinations. 


Found. 

. . . . ., _ * .- 

Wright and Luff. Jurgens, Dunstan fl- nd Ince. 


c . 61*21 6116 61*17 per cent. 

H. 680 726 707 

Calculated for 


CjjH^NOia. CasH^gNO^. Cy^NO^ 

O.• 61*39 61 20 61*02 per cent. 

H. 6 67 6*95 7 24 
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The nitrogen determinations are not recorded, as they do not help 
to decide between these formulae, owing to the small amount of this 
element which is contained in the substance. The agreement between 
the three frets of results is very striking; they differ, in fact, only 
within the limits of experimental error. Jurgens* numbers agree 
better with the formula to which our results have led us, namely, 
C m H 4 sN 0 13 , than with that he has deduced from them, (CUH 47 NO 12 ), 
whilst the data obtained by Wright and Luff are also in close approxi¬ 
mation to it. Our analyses of the aurochloride likewise agree with the 
formula containing 45 atoms of hydrogen. It should be remarked, 
however, that even when every possible refinement is practised in the 
process of combustion, it is doubtful whether the operation is com¬ 
petent to detect a difference of two atomic proportions of hydrogen 
in such a large molecule as that of aconitine. Taking all circum¬ 
stances into account, however, seems to us most likely to 

be the correct formula. 

Specific Rotation of Aconitine . 

Duquesnel states that aconitine is lsevorotatory. Jurgens found 
3 per cent, alcoholic solution to be inactive when examined in a 
layer 200 mm. long. He observed, however, the hydrochloride in 
aqueous solution to be strongly lmvorotatory [a] D = — 35*89°. 

The crystalline alkaloid examined by us is markedly dextro-rotatory. 
A 3 per cent, alcoholic solution afforded the following results with 
Laurent’s large “ half-shade ” instrument:— 


a. [23°] + 0*66°; l. 2 dm.; p. 3*726 gram; d. 25°/25°, 0*805. 

, 100 x 0*66 

whence, - 


2 v H*7-2K * o-r<»k 


= [a] D + 11-01. 


Another determination with a second specimen of purified alkaloid 
gave 

a. [20°] + 0*81°; l 2 dm.; c. 2*7464, 


whence, 


100 X 0*81 
2*7464 x 2 


= [*]d + 11 -10°. 


The crystalline hydrobromide (C 33 BT 45 NO l 2 ,HBr,2^H 2 0) was next 
examined.* Its aqueous solution was found to be strongly loeco- 
rotatory. 

a. [20°] - 3*25°; Z. 2 dm.; c. 5*1832, 


whence, 


100 x 3*25 
5*1832 x 2 


= [a] D - 31*3°. 


* This salt had been prepared by Dr. 0. R. A. Wright. It is one of a number 
of specimens of aconitine compounds which he has very kindly placed at our 
disposal. 
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The hydrobromide prepared from the alkaloid now under investi¬ 
gation and recry stallised several times from water, likewise proved 
to be lae vo-rotatory in aqneons solution, giving a result which agrees 
with that obtained from Dr. Wright’s specimen. 


a. [20°]—l-2 n ; l 2 dm.; d. 20720°, 1*0098; 1*95 gram, 


whence, 


100 X 1 : 2 

2 X 1*95 x 1*0098 


[•]» - 30*47°. 


This hydrobromide was now reconverted into the alkaloid, and its 
specific rotation again determined in alcoholic solution. The follow¬ 
ing result was obtained, which confirms the correctness of our previous 
determinations. 


o. [20 c ] 0*35°; l 2 dm.; &. 20°/20°, 0*8074; jp. 2*07, 


whence, 


100 x 0*35 
2 X 2*07 x 0 8074 


[«]d + 10*47°. 


These results furnish conclusive proof of the remarkable fact that, 
whilst the alkaloid is dextro-rotatory, its hydrobromide is laevo- 
rotatory. 

Effect of Seat on Aconitine. 

In order to ascertain whether aconitine is decomposed when it is 
heated, the following experiments were made. A weighed quantity 
of the alkaloid (0*1991 gram) was heated for 2| hours at 100° in a 
vacuum; the loss only amounted to 0*0004 and the crystalline 
alkaloid was readily recovered unchanged. The same quantity of 
alkaloid was now heated at 120° for two hours in a vacuum; it lost 
0*0u08 gram and was little if at all altered. In a thiid experiment, 
the same amount of substance was heated until it melted (185—188°), 
and was kept at this temperature for one hour. The resulting brown 
varnish weighed 0*1789 gram, that is to say, there had been a loss of 
about 10 per cent. This substance dissolved almost completely in 
dilute hydrochloric acid. On regenerating the base from the acid 
liquid by the addition of sodium hydrogen carbonate, and extracting 
the alkaline liquid with ether, no crystalline alkaloid, but only an 
amorphous varnish was obtained. This was dissolved in dilute 
hydrochloric acid and precipitated with auric chloride. From this 
salt, which refused to crystallise, the base was regenerated as a varnish. 
The amount of loss which occurred under these conditions, corre¬ 
sponds approximately with that sustained in the conversion of aconi¬ 
tine, CuHtfN'Ois, into aconine, C^H^NOn, benzoic anhydride being 
volatilised. The properties of the uncrystallisable base agree with 
those of aconine. 
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It appears from these experiments that although aconitine is almost 
completely decomposed when heated at its melting point, it is not 
altered by exposure to a temperature of 100—120°. 

Experiments were also made to ascertain whether aconitine is 
decomposed when heated with water or with weak alkaline solutions. 
About half a gram of aconitine was boiled with about 10 times its 
weight of water for four hours. The liquid was then acidified and 
extracted with ether which, however, removed next to nothing. On 
the addition of sodium hydrogen carbonate in excess to the acid liquid, 
nearly the whole of the alkaloid was recovered by extraction with ether, 
and was left in crystals on the evaporation of the solvent. Further 
experiments proved that in presence of much larger quantities of water, 
more than sufficient to dissolve the alkaloid, and after much longer 
boiling, appreciable quantities of aconitine are resolved into aconine 
and benzoic acid. Wright and Luff have shown that aconitine is 
completely decomposed into aconine and benzoic acid by prolonged 
heating with water in a closed tube at 100°. 

When aconitine is boiled for three hours with water rendered 
alkaline with ammonia there is more change than with water alone, 
a small proportion of the alkaloid being resolved into aconine. The 
greater part of the aconitine may, however, be recovered. Solutions 
of potassium and sodinm carbonates were found to act more power¬ 
fully, some action occurring even in the cold after prolonged standing, 
whilst on boiling, nearly the whole of the alkaloid is decomposed into 
aconine and benzoic acid. Wright and Luff have shown that the 
canstic alkalis rapidly effect the same decomposition, especially when 
they are used in alcoholic solution. The mineral acids, particularly 
hydrochloric acid, induce a similar change. 


Formation and Properties of Apo-aconitine or Anhydro-aconitine. 

Wright and Luff observed the action of dilute mineral acids to 
consist, in the first instance, in the splitting off of 1 mol. prop, of 
water, a new base being formed, to which they gave the name “ apo- 
aconitine,” bnt for the sake of uniformity in chemical nomenclature, 
this substance should be called anhydro-aconitine, or dehydraconi- 
tine,* 

(OjAJETOi. ~ -f“ H s O). 

* Since the compound is produced by the dehydration of aconitine, the name 
** dehydraconitine ” would seem to be best, and several substances having a similar 
origin are so named, e.g., dehydracetic acid. On the other hand, it may be conve¬ 
nient to designate a body derived from aconitine by loss of hydrogen “ dehydr- 
aconitine.” We, therefore, call this alkaloid “ anhydro-aconitine.” The name 
“ Apo-aconitine ” does not connote the relationship of the compound to aconitine. 
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When mineral acids are employed, this dehydration is rapidly followed 
hy hydrolysis, and the base aconine is formed, together with benzoic 
acid. If, however, the aconitine is heated with a strong solution of 
tartaric acid, dehydration takes place exclusively, and the anhydro- 
base alone is produced. The existence of this compound has been 
questioned by later workers, but no experimental proof of its non¬ 
existence has been adduced. The results we have obtained place the 
identity of this alkaloid beyond doubt. 

Aconitine was heated at 100° with a saturated solution of tartaric 
acid in a sealed tube for six hours. On recovering the alkaloid, it 
was evident that it still contained aconitine. The operation was 
therefore repeated for four hours longer at 100—110°. No darkening 
occurred, and ether extracted nothing appreciable from the acid 
liquid. The base was obtained by agititing the solution with ether 
after it had been made alkaline with sodium hydrogen carbonate. 
The colourless ethereal solution left, on spontaneous evaporation, 
small colourless crystals which melted at 186*5° (corr.),* that is 2° 
lower than aconitine. Unlike aconitine, this alkaloid cannot be 
obtained in large crystals from its solution in a mixture of alcohol 
and ether, but is invariably deposited in minute crystals which 
cohere together and stick to the glass vessel. In most respects it 
closely resembles the parent alkaloid. The following is the mean 
result of two combustions of the substance:—f 

Calculated for 
Found. C^H^NOn. 


O. 63*01 per cent. 62*97 per cent. 

H. 6*98 „ 6*87 


Anhydro-aconitine, like aconitine, forms crystalline salts. We 
have also obtained a compound of gold chloride with the base, as 
well as with the hydrochloride. 

The amrocTiloride has remarkable properties. It is thrown down as 
an amorphous precipitate when auric chloride is added to a solution 
of the hydrochloride of the alkaloid. This was readily crystallised 
from an alcoholic solution, the resulting crystals melting at 133°. In 
order to determine whether the compound was homogeneous, the 
crystals were dissolved iu absolute alcohol, and fractionally precipi¬ 
tated in the manner described in connection with the aurochloride 
of aconitine. Two fractions were obtained; the first melted at 135°, 
and seemed to he identical with aconitine aurochlonde, the second 
fraction melted at 129*5°. It seemed probable that the first fraction 

* Wright and Luff record 185—186° as the melting point (? uncorrected), 
t The analytical data recorded by Wright and Luff do not agree with the 
formula they suggest, C 33 H 41 NOx 1 , the hydrogen being 1 per cent, too high. 
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consisted of the corresponding aconitine compound, regenerated by 
the action of water, whilst the second fraction might be the auro- 
chloride of anhydro-aconitine. To ascertain whether this was the case, 
a fresh quantity of the aurochloride was precipitated and dissolved 
in absolute alcohol, and the solution was evaporated in a vacuous 
desiccator over calcium chloride until crystallisation commenced. 
The crystals obtained differed from both those previously obtained in 
melting at 141°. They were shown by analysis to be the true auro- 
ohloride of anhydro-aconitine— 


Calculated for 

Found. C 3? H4 3 K'0 11 ,HAuC1 4 . 

C. 40*8 per cent. 40*68 per cent. 

H. 4*58 „ 4*56 


Another portion of the precipitated aurochloride was also dissolved 
in absolute alcohol, and was caused to crystallise by the addition of 
water. The crystals thus prepared melted at 129°. Analysis proved 
them to be an isomeride of aconitine aurochloride, in all probability 
the hydrate of the aurochloride of anhydro-aconitine:— 


Calculated for 

1 ound. OjjglLjjjN On, H A11CI4, E^O. 

C. 40*01 per cent. 40*12 per cent. 

H. 4*59 „ 4*55 


It was suspected that this compound might readily change into the 
isomeric aurochloride of aconitine, and this suspicion was found to 
be justified. On recrystallising the substance from dilute alcohol, 
crystals were obtained melting at 135 5°, which analysis proved to be 
aconitine aurochloride— 


Calculated for 

Found. C uH^N Oia,HAuCl 4 . 

O . 40*08 per cent. 4012 per cent. 

&•••••.......... 4*66 ,, 4*55 „ 


Anhydro-aconitine is thns shown to form an aurochloride melting 
at 141°. This, in presence of water, yields a hydrated compound 
melting at 129°, which readily changes into the isomeric aconitine 
aurochloride melting at 135*5°. 

Anhydro-aconitine gold chloride is prepared hy mixing alcohol or 
ethereal solutions of the alkaloid and anric chloride. On evaporation, 
crystals are deposited which melt at 147*5°, and are not altered by 
recrystallisation from alcohol. This compound shows no tendency to 
pass into the corresponding aconitine salt. Its crystals dried at 100°, 
were burned with the following results: — 
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Calculated for 

Found. C^H 43 N O n • AuCIj. 

0 . 42*25 per cent. 42 28 per cent. 

H. 4 76 „ 4*62 


Aconine . 

Aconine is the name given by Wright and Luff to the product 
of the hydrolysis of aconitine by mineral acids and alkalis. It is 
formed, together with benzoic acid, in accordance with the equation 
G^HjsNOia + H 2 0 = C^H^NOu 4* C 7 H 6 02. Aconine is an uncrys¬ 
talline base, and its salts are also uncrystalline. 

The crystallised aconitine which we have examined yielded, on 
hydrolysis, an amorphous base which is evidently identical with 
aconine. 

Aconitine was boiled for some hours with alcoholic potash. The 
alcohol was then distilled off, the liquid acidified with hydrochloric 
acid, and extracted with ether. The ethereal solution was shaken 
with dilute alkali to remove the acid product of hydrolysis. After 
this treatment, the ethereal solution was evaporated to dryness, 
leaving a resinous substance which appears to result from a further 
action of alkali on aconine. The acid was regenerated from its salt, 
and, after recrystallisation, melted at 120*6° (corr). Benzoic acid 
melts at 121°. The silver salt was prepared in the nsnal way, and 
analysed. 

I. 1*1824 gram of salt gave 0 08886 gram of silver = 47*09 per 
cent. 

II. 2*5366 gram of salt gave 0*1194 gram of silver = 47 08 per 
cent. 

Calculated for AgC 7 H 5 02 = 47*17 per cent. 

The acid solution which had been extracted with ether was now 
made alkaline, and extracted with chloroform, aconine being in¬ 
soluble in ether. From this solntion was obtained a brown resinous 
base. By fractionally precipitating a solntion in chloroform with 
ether or light petroleum, the alkaloid is obtained as a last fraction 
nearly free from colour, but still resinous and friable when dry. It 
was soluble in water and alcohol, but insoluble in ethei, benzene, and 
light petroleum. All attempts to crystallise it were failures. No 
crystalline salt could he obtained. Aqueous solutions of the alkaloid 
or its salts were precipitated by the nsnal alkalo'idal reagents, but no 
crystalline derivative or compound could be prepared. 

The aurochloride is a pale-yellow, amorphous precipitate which 
dissolves in alcohol, and is deposited as the solution evaporates in 
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oleo-resinous films. Contrary to tlie experience of Wright and Luff, 
we find this compound, when prepared from pure aconine, to he quite 
as stable, or even more stable, than the corresponding aconitine salt. 
Two combustions were made of the amorphous base dried at 100°, 
the mean result was 


Calculated for 

Found. C 28 H 41 NO h . 

C. 56*97 per cent* 57*44 per cent. 

H. 8*17 „ 7*73 


The amorphous anrochloride dried at 100° gave the following 
results on combustion :— 


Calculated for 

Found. CjgH^NOnjHAuCl*. 

C. 34*9 per cent. 35*33 per cent. 

H . 5*09 „ 4*75 

An. 22*7 „ 22*31 


These analyses of ac< nine furnish confirmation of the correctness 
of the formula CssEl^Oi 2 for aconitine, from which the amorphous 
base is formed in accordance with the equation C^H^NOi* -f H.O 
= CatHJOii + C7HBO2. 

The results recorded in the present communication serve to 
establish the characteristic properties of the principal and doubtless 
the most poisonous alkaloid of Aoonitum napellus, and render its 
future identification comparatively easy. In order to throw light on 
the nature of the other alkaloids contained in this plant, if other 
alkaloids there be, an investigation is being made of some valuable 
roots obtained from specially selected plants. 

Our thanks are due to Dr. F. W. Passmore for the assistance he 
has given us, particularly in verifying and extending some of the 
later observations recorded in this paper, our further co-operation in 
carrying on this work being prevented through one of us having 
been obliged to leave London to take up a provincial appointment. 

Research Laboratory of the 
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XXXI.— CrystallograpJdccbl Characters of Aconitine from Aconitum 

nap ell as. 

By Alfred E. Tuttoit, Assoc. R.C.S., Demonstrator in Chemistry at 
the Royal College of Science, London. 

The crystals of aconitine obtained during the course of the work 
described in the preceding communication were frequently of con¬ 
siderable size, and generally well developed. The specimens examined 
were transparent prisms, terminated by pyramids. They were of a 
faint yellowish colour, with a brilliant lustre, and varied in size from 
very small to prisms a centimetre long, and half a centimetre thick. 
One of the prism faces was sometimes so much better developed than 
the others as to give the crystals an elongated tabular appearance/ 
Excellent reflections, as a rule, were obtained, but occasionally the 
images were distorted by a slight curvature of the faces. 

Eight crystals were measured as completely as their development 
would permit. 

System: Rhombic. Habit: Prismatic with an inclination to tabu¬ 
lar, owing to large development of the brachypinacoid. 
Ratio of axes: a : h : c = 0*5456 :1 : 0*3885. 

Forms observed: a = {100}ooPoo; h = {010}oo?oo; 

p = {110}ooP p' = {iaO}ooP2; 
m = {101}Poo; q = {021}2?co; 
o = {121}2f>2. 

The general appearance of the crystals is shown in Fig. 1, and 
their spherical projection in Fig. 2. 


Fig. 1, 



Fig. 2. 


« 



a 


too 
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The brachypinacoid 6(010) is the best developed face. The ortho- 
pinacoid a (100) is also generally well developed, but is almost inva¬ 
riably narrower than 6. The primary prism faces p(110) are always 
present, often as broad as the orthopinaeoid, but occasionally mere 
lines. The prism jp'(120) was only once observed, and gave but a 
very faint image. Of the end faces, the pyramid o(121) is always 
largely developed, and gives excellent reflections. The primary 
macrodome m(101) is usually developed to about the extent shown in 
the drawing, but is sometimes narrower, and occasionally absent. 
The brachydome q(021) was only once observed, and the image was 
then faint and distorted. 

The following goniometrical measurements were made:—* 


Angle observed. 

Ho of 
measure¬ 
ments. 

Limits. 

Mean 

observed. 

Calculated. 

Tip -010:110 

24 

60° 43— 62° 21' 

61° 16' 

61° 2Y 

1 pa = 110 :100 

21 

27 6 — 29 21 

28 44 

28 37 

l bp' = 010 :120 

1 

— 

42 53 

42 30 

Jio = 010:121 

44 

56 36— 58 23 

57 42 

# 

\oi» = 121 :101 

36 

31 24— 82 49 

32 18 

32 17 

/«*» = 100 :101 

16 

54 10— 54 50 

54 27 

54 33 

Inn- 101:101 

5 

70 52— 71 12 

71 3 

70 54 

f ao - 100:121 

41 

59 32 — 61 39 

60 39 

• 

•! oq - 121: 021 

2 

29 8— 29 30 

29 17 

29 21 

Loo = 121:121 

18 

57 40— 59 24 

58 35 

58 42 

f pm - 110 :101 

31 

58 41— 60 18 

59 20 

59 23 

\ mo - 101 :121 

32 

73 4 — 74 51 

73 58 

73 57 

[op - 121:110 

36 

46 4— 47 14 

46 37 

46 40 

i 2 «= 010 : 021 

1 

— 

51 40 

52 10 

The two most frequently measured angles bo and ao 

were taken as 


basis of the calculations. In the most perfectly developed crystals, 
the rhombic nature of the symmetry was very evident* the angles 
upon opposite sides of the symmetry planes being identical within a 
very few minutes. The optical properties, however, conclusively prove 
the truly orthorhombic character of the crystals. 

There is a good cleavage parallel to the macropinaooid a(100), the 
a axis being the direction of minimum cohesion. 

The optic axial plane is the brachypinacoid 6(010). Through the 
macropinaooid a(100) both axes are seen in convergent light, sym¬ 
metrically placed with respect to the normal to the face, separated at 
their acute angle. The axis a is thus the first median line. The 
rings and lemniscates are best seen through sections parallel to a, 
about 1| mm. in thickness. For the purpose of measurement, three 
crystals with an a face well developed were chosen; they were 
cemented by the a face in the usual manner upon a thin glass plate, 
• v 2 
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and then carefully ground in oil until they had been reduced to the 
right thickness. This mode of preparing sections was found preferable 
to using cleavage plates, as the latter were always more or less dis¬ 
torted. A section perpendicular to the second median line was also 
cut, but the obtuse angle was not visible in oil. 

Aconitine, as will be seen from the following measurements, is a 
somewhat highly dispersive substance. The hyperbolic brushes are 
deeply fringed with colour, and a consideiable difference is observed 
between the positions of the axes for different rays of the spectrum. 

The following values were obtained for the apparent acute optic 
axial angle in air 2E as the mean of a large number of measurements 
with the three distinct sections referred to :— 


For lithium light . 47° O' 

For sodium light. 56 10 

For thallium light. 65 5 


The dispersion between these limits is thus seen to be 18° 5' of the 
nature p<v . The whole of the values obtained were very near the 
mean values above given. The sections employed gave the inter¬ 
ference figures very clearly. The larger axial angle apparatus of 
Fness was used in making the measurements. 

The sign of double refraction, determined by means of a quarter 
undulation mica plate, is positive. 

In an inaugural dissertation at Dorpat, in 1885, Jurgens briefly 
described some crystals of aconitine as belonging to the rhombic 
system, and exhibiting the faces of the macropinacoid, primary prism, 
and brachydome. No measurements, however, were given. 


XXXII.— Molecular Refraction and Dispersion of various Substances. 

By J. H. Gladstone, Ph.D., F.R.S. 

Since the paper on the refraction equivalents of the elements, pub¬ 
lished in the RMl, Trans . of 1879, a considerable number of obser¬ 
vations of refractive indices have accumulated in my note books, 
besides those which have been published from time to time. It 
seems desirable to make a permanent record of such as may be valu¬ 
able in determining the optical constants. 

Effect of Change of Temperature . 

Amongst the earliest of these unpublished observations are some 
that were made to determine how far the law holds good that the 
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specific refractive energy of a body is unaffected by temperature. 
The method employed was that of determining the refraction for 
different lines of the spectrum on a hot summer’s day, preserving the 
specimen carefully until the following winter, and then redetermining 
it. I give only those made upon bisulphide of carbon and benzene, 
as they are substances referred to in the paper by Dale and myself, 
in the Phil. Trans . of 1863, and the present observations may he 
regarded as more exact than those given therein. 


Bisulphide of Carbon . 


Temp. 

C. 

Density. 

Pi. 

P B. 

Pc. 

Pd. 

Px. 

Pf. 

Pq. 

PK. 

10-0° 

1*2793 

1*6153 


1*6250 

1*6344 

1-6471 

1*6592 

1*6837 

1-7078 

24.5 

1*2593 

1*6045 

1 *6109 

1*6143 

1*6235 

1 -6362 

1*6483 

1*6722 

1-6854 

1-5 

1*2909 

1*6227 

1*6288 

— 

1*6417 

■ 

1*6672 

— 

1 7159 

23*0 

1*2594 

1*6070 

1*6134 

— 

1*6260 


1*6504 

_ 

1-6972 


1*2494 

1 *6026 



1*6213 

H 

1*6458 

—— 

1-6922 


Benzene. 


Temp. 

e. 

Density. 

Pi. 

Pb. 

Pc. 

Pd. 

Pb. 

Pf. 

Po. 

PVL 

10*0° 

0*8868 

1*4935 

1-4965 

1*4983 

1*5029 

1*5091 

1*5148 

1*5258 

1-5355 

21*5 

0*8773 

1*4887 

1-4917 

1*4934 

1*4979 

1*5040 

1*5095 

1*5205 

1-5304 

2*0 

0*8979 

1 *5021 

1-5053 

— 

1*5122 


1*5242 

— 

1-5460 

23*7 

0*8760 

1*4893 

1-4928 

— 

1*4993 

— 


— 

1-5320 

28*6 

0*8709 


1-4897 


1*4960 


1*5094 


1-5279 


The first two lines in each case represent one specimen, and the 
three following another specimen. 

The following tables give the refractive index divided by the 
density, or, in other words, the specific refractive energy:— 


Bisulphide of Carbon. 


Temp. 

C. 

Pi“ 1 

Pb -1 

PO - 1 

RBI 

RBI] 

■gg 

eg 


d * 

d * 

c* “ 

d * 

* • 

a 

si 

d ' 

10-0“ 



0*4885 

0-4959 

0*5058 

0*5153 

0-5344 

0-5532 

24*5 


0*4851 

0*4878 

0-4951 

0*5053 

0*5148 

0*5338 

0-5522 

1*5 


0-4871 


0-4971 


0-5168 


0*5546 

23*0 


0-4871 

— 

0-4971 

— 

0*5164 

— 

0-5636 


0*4823 



0-4973 

—— 

0*5169 


■Ml 
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Benzene. 



These tables serve to confirm the conclusion arrived at by Dale 
and myself, in 1S63, and now generally received, that “ the specific 
refractive energy of a liquid is a constant not affected by temperature. 9 9 
We considered at that time that “ there is some influence * * * 
which gives rise to the slight progression of most of the calculated 
productsthis is generally believed to be the case, but the differences 
in the above tables may be attributable simply to experimental error. 


Carbon Compounds. 

The following table gives observations on various carbon com¬ 
pounds. Those marked with an asterisk are from specimens kindly 
furnished me by Dr. Perkin:— 


Substance. Formula. 



/‘A. /*D. w 


Pentane . . 

CgHjj • • 

Heptane. 

OyHje-* 



* * * *•*••••• 
Amylene* . 

C 5 H W . . 

Benzene* .......... 

C a H 6 ., 

Toluene.......... f . 


Metaxylene*.. 

z* *• 
C 8 Hio • • 

Paxaxylane* . 

n 

Orthoxylene*. 

» »* 

Cinnamene . 

CgHg ay 

„ 2nd spec.* 

» • • 

„ after standing 
» » 

if •• 

>9 • • 

» » 

» >» 

^-Butenylbenzene,* 

CioHjs . 

Diamylene* . 

CioHgo . 

Cednene. 

C'loS&l • 

Carbon tetrachloride 

ecu... 

I* »? 

91 *** 


6*5° 

0*6365 

12 0 

0*6895 

23 0 

0*6809 

7*6 

0*6935 

20*2 

0*6568 

18*5 

0*8815 

24*1 

0*8566 

22*5 

0*8641 

23*7 

0*8602 

24*1 

0*8758 

21*0 

0*9111 

21*4 

0*9179 

25*0 j 

0-9223 

26*4 

0*9214 

30*0 

0*9192 

33*0 

0*9161 

21-0 

1*9008 

17*6 

0*7710 1 

13-0 

0*942 

10*5 

tEEa 
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C. sifcy. MA. PD. f*j. PH. 


10*5 


8-0 

1*487 


7-0 

12*4277 

7-5 

2*589 

7-0 

1*6296 

15 *7 

1 *2594 

25*7 

1*5692 

7*5 


11 *5 


Pfl 

H 

7*5 


7*5 

mM 

24*0 

1*1951 

24*5 

1*0605 

11*3 

1*0963 

23*3 

IEESHEj 

20*0 

0*9932 
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Erom the foregoing data the molecular refraction can be calculated 
by divi din g the index, minus unity, by the density, and multiplying 

by the molecular weight, The molecular dispersion is the 

difference between the molecular refraction of the lines A and H, or 

more shortly, The theoretical values for the molecular 

ct 

refraction of any compound may be arrived at by adding together the 
recognised atomic refractions of the constituent elements; and the 
molecular dispersion can be reckoned on the same principle. 

The following table contains the atomic refraction and dispersion 
of the elements with which we are concerned in this paper:—* 


Substance. 

At. wt. 

Ra. 

Rh “ Ra. 

Carbon . 



12 

5*0 

0*26 

„ double linked 




6-1 

0 *51 or 0 66 

Hydrogen .. 



1 

1*3 

0 04 

Chlorine, with compound radicles 



35-5 

9-9 

0-45 

„ in olefines, Jfcc. . • 



»» 

10 0 

0-50 

Bromine, with compound radicles 



80 

15-3 

1-03 

„ in olefines, &c. .. 



)> 

15-2 

1-22 

Iodine, with compound radicles. • 



127 

24*5 

2*60 

„ in olefines, &e. .. 



» 

25-35 

3 65 

Oxygen, double bond .. .. 



16 

3-4 

0*18 

„ single bonds .. 



ji 

2-8 

o-io 

Sulphur, double bond 



32 

16-0 

2-6 

„ single bonds .. 



» 

14-1 

1 2 

Nitrogen, in nitriles 



14 

4-1 

0 10 

„ in bases. 



*» 

5-1 

0*38 

Tin •• .. »• 



118 

18 -6P 

— 

Zmc .. 



65 

9*8 



In the following table (next page) are given the experimental and 
the theoretical values for the molecular refraction and dispersion 
of the carbon compounds. 

A glance at this table will show that in the case of pentane and 
most of the other substances the experimental and the theoretical 
numbers are in fairly close accordance in respect of both the optical 
properties. In some cases, however, there is an evident discrepancy; 
and it may be noticed that where a marked discrepancy occurs between 

* The actual figures are taken from my paper on “Refraction Equivalents” 
(American Journal of Science , 29, 55), and on “Dispersion Equivalents" (Proc. 
Soy. Soc , 1887,42, 401), and from Messrs. J. H. and G. Gladstone's paper nu 
“ Fluorobenzene, and other Allied Compounds ” (Phil. Mag 1891, 81,1). At 
present these must be taken as only approximative, pending a full revision of the 
subject, which I hope shortly to be in a position to undertake. 
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Experimental. 

Theoretical. 

Substance. 


Formula. 

Molr. 

Molr. 

Molr. 

Molr. 




refm. 

dispn. 

refm. 

dispn. 

Pentane 


c s h m 

40-80 

1*83 

40*6 

1*78 

Heptane 

• • 

o 7 h 16 

56-20 

2*48 

55*8 

2-46 

Do. 



56*19 

2 42 

33 


Do. 

• • 


56*29 

2*44 



Amylene 



40*24 

2*24 

40 2 

2*20 

Benzene »• 


OjHg 

43*59 

3*81 

44*4 

4*20 

Toluene 


c 7 h 8 

51 -55 

4*25 

52*0 

4*54 

Metaxylene .. .. 


CgHio 

59*81 

4*92 

69*6 

4*88 

Paraxylene .. •• 


33 

59 80 

4*93 

33 

33 

Orthoxylene .. 

• • 

M 

59*64 

4*85 

33 

31 

Cinnamene • • 


CgHs 

60-70 

7-06 

59 *2 

5*6 

Do. 2nd specimen 


» 

60*46 

7-23 

33 

33 

Do. after standing 


3* 

60*10 

7-06 

, 33 

11 

J8-But enylbenzene .. 


C 10 H 13 

77*20 

8-28 

14.-4. 

6 *28 

Diaxnylene 

«. 


78-57 

4*12 

78-2 

3*90 * 

Cedrene .. • • 


^15-^24 

108*52 

5*35 

108*4 

5-36 

Carbon tetrachloride 


COI4 

44*15 

2-30 

45 0 

2-26 

Do. • • • • 



44*48 

2*43 

33 


Do. 

« ■ 


44*66 

2*44 



Do. 

• • 


44*00 

2*26 



Carbon dichloride .. 

• * 

C2CI4 

51*20 

3*60 

52*2 

3*32 

Chloroform •• .. 


CHClg 

35*42 

1*78 

36*3 

1*80 

Bromoform • • 


CHBr s 

51 *41 

4-02 

61-9 

3*96 

Methyl iodide.. 


CHgl 

32*37 

2*92 

33*4 

2*98 

Methylene diiodide .. 


CH 2 F 2 

58*30 

7-65? 

58*3 

7-64 

Acetylene bromide . • 


C 3 H s Br 3 

43*95 

3*46 

45 *2 

3*54 

Ethylene bromide .. 


C 2 H 4 Br 2 

45*80 

3*08 

45 *6 

3*12 

Ethyl bromide 


CABr 

31*25 

1*76 

31*8 

1*75 

Ethyl iodide •• •• 


CAi ■ 

40*64 

3*38 

41*0 

3*32 

AUyl tribromide 


CsH,Br 3 

67*41 

4*41 

67*1 

4*64 

Trimethylene iodide.. 


C 3 H 6 T 3 

72*57 

6*77 

71 *8 

6*22 

Isobutyl iodide 


c 4 h 9 t 

55 *98 

4*00 

56*2 

4*00 

Glycerin 

Chlorofumaric chloride 



34*14 

1*41 

33*8 

1*40 


C 4 HC1 3 O s 

60*80 

5*59 

61*6 

4*31 

AUylacetio acid •. 


C s Hc0 2 

c 6 h 13 o 3 

43-25 

2*41 

43 8 

2*40 

Amyl formate • . 

Diallvacetic acid 

,. 

51*35 

2*29 

51*8 

2*32 


CsH ft O s 

65*69 

3*83 

66*2 

3*84 

Ethyl acetyltrimethy len e- 

65 *59 

3*68 

. 65*2 


carboxylate 

• . 

c 8 h 12 o 3 

3*02 

Ethyl maleate 

.. 

CgHiA 

70*11 

4*04 

70*2 

8*92 

Ethyl fumarate 


if 

70*85 | 

4*66 

72*4 

4*72 

Ethyl clilorofumarate 

.. 

c 8 h u cio 4 

78*29 

5*18 

81 0 

5*13 

Ethyl acetyltetrameimylene- 


75*29 




carboxylate 


W|0 0.10^3 

5*39 

— 

— 

Saf role 


78*11 

7*14 

78*0 

6*48 

Do. . • • • 


c 10 h 10 o 3 

78*09 

6*99 

78*0 

6*48 

Orthoallylanisoll 

• * 

0,oH 13 0 

81*46 

10*24 

— 

— 

Isoamyl oxide 

• • 

c^o 

82*29 

3*68 

81*4 

3*58 

a-ParabutenylanisoIl 

a • 

CiiH m O ! 

89*71 

11 09 

— 

— 

jB-Parabutenylanisoll 

• 

33 

88*65 

10*17 

*— 

— 

Trimethylene cyanide 
Diethylamine., 

• * 

( l» 

41*05 

39*40 

1*85 

1*95 

41*0 

39-4 

1*74 

1*86 

Trietnylamine •« 


(CA).K 

54*95 

2*88 

54*6 

2*54 
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Substance, 

Formula. 

Experimental. 

Theoretical. 

Molr. 

refrn. 

Molr. 

di*pn. 

Molr. 

refrn. 

Molr. 

dispn. 

Propylamine »• . • .. 

c 3 h 7 nh 2 

31*62 

1*52 

31*8 

1*52 

Do. 

» 

31-57 

1-52 

n 


Dipropylamine 

(C s H 7 ) 2 NH 

54*69 

2*59 

54*6 

2*54 

Do. 

» 

54-80 

2*62 

7?-4 


Tripropylamine 

(CaHjJsN 

78*21 

3*89 

3*56 

Do. .. ..1 


77-91 

3*92 



Propionitxile.1 

1 c 8 h 5 n 

25*47 

1*12 

25*6 

1*08 

Methyldiphenylamine 

(0 6 H b ) 2 0 NH 3 

104*88 

13*56 

100*2 

9*08 

Benzylamline. 

c 13 h. 13 n 

102*94 

11*92 

Si 

3) 

Methyl sulphate •• 

(CHj)^0 4 

36*49 

1*34 



Ethyl thiocyanate .. 

c 3 h 5 scn 

39*57 

2*33 

39*7 

2*28 

Ethylthiocarbimide 

»> 

43*85 

3*80 

43*8 

4*18 

Stannic ethide 

(cyao^n 

84*12 

5*54 

84*6 

— 

Zincic ethide. 

(QAlaZn 

48*88 

3*97 

42 *8 



theory and experiment in the refraction, a still greater proportionate 
discrepancy frequently occurs in the dispersion. 

The following points in regard to some of the substances may be 
worthy of notice:—- 

Heptane .—The substance examined was Professor Thorpe's speci¬ 
men derived from Finns saJnniana, which has good claims to be 
considered as specially pure. It will be observed that the molecular 
refraction is about 0*4 higher than that calculated from theory. This 
suggests the idea that CH a is not exactly 7*6, as usually assumed, 
but about midway between that number and 7*7. From a general 
comparison of the data existing in 1884,1 was led to assign to it the 
value of 7*63 (Trans., 1884,45, 251). The theoretical molecular dis¬ 
persion coincides well with the experimental. 

Amylene .—The addition made for the one pair of double-linked 
carbons in the dispersion is the lower figure 0*5*, as in the allyl com¬ 
pounds. 

Benzene .—This specimen was made from benzoic acid, Its mole¬ 
cular refraction and dispersion agree with those determined from 
specimens prepared in the ordinary way. They are both decidedly 
less than the figures calculated from the general run of aromatic com¬ 
pounds. 

Toluene .—The same remarks apply, hut the discrepancy is only 
about half as great. These peculiarities of benzene and toluene are 
commented upon, so far as refraction is concerned, in my paper on 

* That is, the difference between 0*26 (the atomic dispersion for ordinary car¬ 
bon), and 0*51 (the lower value for a double-linked carbon atom) twice over. 
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“ Refraction Equivalents ” (Trans., 1884, 45 , 253). I am not yet 
able to find any explanation. 

Xylenes .—The three xylenes agree very closely in molecular re¬ 
fraction and dispersion, the considerable difference in their indices 
being compensated by corresponding differences in their densities. 
The orthoxylene is practically identical with the theoretical values; 
and the others, nnlike the previous members of the series, are not 
lower, but even a trifle higher than theory. 

Ginnamme and Butenylbenzene .—In these two cases, in which there 
are four pairs of double-linked carbons, the experimental values are 
decidedly higher than the theoretical. They may be added to the 
substances referred to in my paper (Proc. Boy . Soc., 31, 329), in 
which I ventured to assign a still higher value than 6*1 to a carbon 
atom, which “ has all four of its units of atomicity satisfied by other 
carbon atoms, each of which has the higher value of 6 0 or 6*1.” 

Oedrene ,—The specimen examined was prepared with great care. 
It indicates only one pair of double-linked carbon atoms, which is 
more probable than the constitution formerly ascribed to the essential 
oils of the Ci 9 H 2 i group. I hope to revert to this subject on some 
future occasion. 

Halogen Compounds. —With these there will be found a general 
agreemeut between experiment and theory; but it ought to be stated 
that several of the observations recorded in this table were used 
among other data for determining the values of chlorine, bromine, 
and iodine in different states of combination. Nevertheless, I doubt 
it these values have been exactly estimated as yet; at any rate, there 
seem to be discrepancies. Thus the experimental values for tetrad- 
chloride of carbon and for chloroform given in the table are in good 
accordance with previous determinations of the same substances, and 
they indicate a dispersion equivalent for chlorine of at least 0*50, but 
a refraction equivalent of from 9*7 to 9*9 instead of 10:0. 

Carbon Bichloride and Acetylene Bromide .—In both of these sub¬ 
stances we should expect a double linking, and though the numbers 
do not agree very well, both optical properties point in that direc¬ 
tion. 

Oxygen Compounds. —The compounds containing oxygen present 
some peculiarities worthy of notice. There are three cases of iso- 
merides differing in their optical properties; and some bodies of 
extremely high refraction. 

Ethyl Maleate and Fmnarate .—The optical properties of ethyl 
inaleate answer very well to what may be expected of a substance 
having the composition of CsS^O* with one double linking, which 
gives in the dispersion the higher value of 0*8. Etbyl fumarate, on 
the contrary, indicates rather two double linkings, both giving the 
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additional value of 0*8 in the dispersion. The molecular magnetic 
rotation, according to Perkin, is also higher in the fumarate than the 
maleate. There are, however, a chlorine substitution product of 
ethyl fumarate, and another of fumaric acid, which do not altogether 
bear out this view. 

Bafrole .—This oil was prepared in my laboratory. The optical 

properties are fairly accordant with the formula CH a <[ q>C 6 H 3 *C 3 H 5 , 

the substance containing a phenyl nucleus with its three double 
linkings, and another pair of double-linked carbons in the side-chain. 
It differs from anethoi in not requiring us to suppose the existence of 
any carbon of a still higher refraction than 6 * 1 . 

AUylacetic Add and Diallylacetic Add .—These two are interesting, 
as they agree perfectly with one another, and with the theory that 
has been for some time established for allyl compounds, viz., that 2*2 
is to be added to the molecular refraction, and 0*5 to the molecular 
dispersion, for each unsaturated CJI 5 . 

The Anise Oils .—These are ail so high that they indicate the 
extreme value for one of the carbons which has been already referred 
to under the head of cinnamene. The orthoallylanisoil of Perkin is 
the same as what is generally called anethoi, and agrees with former 
determinations. The two isomeric parabntenylanisoils appear to 
differ in optical properties. 

Nitbogen Compounds. —The compounds of nitrogen in the list, 
whether they axe nitriles or cyanides, all give refraction and disper¬ 
sion equivalents so nearly coincident with theory as to leave no 
doubt that the optical properties confirm the chemical views of their 
composition. The following points also are worthy of notice :— 

Propylamines .—Beneath the determinations of the three specimens 
at a low temperature are placed those of the same specimens made on 
a very hot day, though the latter have been already published. They 
show that the difference of 17° or 18° makes so little difference in the 
molecular refraction or dispersion that it is not to he distinguished 
from the ordinary error of experiment. 

Methyldiphevylanvine ami JBemylaniline .—This pair of isomeric, 
bodies differ in their optical properties, and both appear to be above 
what would be theoretically required; but aniline itself, according to 
several observers, has a higher refraction and dispersion than might 
be expected, and one which would almost exactly account for the 
experimental figures for benzylaniline. The methyldiphenylamine 
has still higher optical properties. 

Ethyl Thiocyanate and Ethylthiocarbimide .—The first of these 
isomerides gives results quite in accordance with the chemical view 
of its constitution* The figures are similar to those obtained by. 
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Nasini. The second gives much higher values, which, however, 
agree closely with the isothiocyanate of Nasini, and a previous 
determination of my own. They indicate that the sulphur is united 
by two bonds, which necessitates also a double linking of the carbons. 

Stannic Effiide .—This confirms fairly the value formerly assigned 
for the refraction of tin from the determinations of its tetrachloride. 
The dispersion of tin has not yet been given ; but if it is calculated 
from the tetrachloride ( Phil. Trans., 1869, 28) it will be 2*42, whilst 
stannic ethide will give 2*66. The zincic ethide , on the contrary, 
differs widely from what might be expected from the refraction of 
zinc salts in solution. The specimen was prepared in my labor atory, 
and the refraction agrees substantially with that deduced from 
Bleekrode’s observation. The values of the two metals as determined 
from these ethides would be— 


Tin. R*. = 18*1 .... — R A = 2*66 

Zinc...... R a = 15'9 • • • • B»j£ s=r 2'o3 


Halogen Compounds. 

In addition to the halogen compounds contained in the preceding 
list, there occur in my note books the following, which do not contain 
carbon:— 


Substance. 

Formula. 

Temp. 

C. 

f 

Density. 

A* A. 

HD. 

M?. 

HI L 

Silicon tetrachloride.... 

» » • • • • 
Silicon tetrabromide.... 
Titanium tetrachloride.. 

JJ 99 * • 

SiCl 4 ... 

SiBr 4 . .. 
TiC^ ... 

99 

10*5° 

14*0 

15*5 

10*5 

1-504 

1- 4987 

2- 7906 
1-744 
1-7228 

1*4156 
1 *4X39 
1 *5586 
1*5928 
1 5851 

. 

1-4207 

1 -6112 
1 -6039 

1*4248 
l*5794 

1*6296 

1*4330 

1*4334 

1*6988 

1*6814 


The figures give the following molecular values:— 


Substance. 

Formula. 

Ba. 

Rh — Ra. 

Sili^n . . . 

SiCli . 

47*11 

47*09 

69*76 

65*26 

65*20 

2*32 

2*22 

5*02 

10*74 


( » 99 . .. 

Silicon tetmbromide....................... 

SiBr 4 ■ * ■ • 
T 1 OI 4 .... 

„ mm 

Tifanium fAtra/tlilAindfl.. 


99 99 . . 


Silicon Tetrachloride .—These two observations, made from different 
specimens, not only agree remarkably well with one another, but also 
with the .value published .by Heagen as far back as 1867, frojn whose 
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numbers R* would be calculated at 47*06, and By — R« at 1*428, 
which is about equivalent to 2*27 for R s — R v From this the 
refraction equivalent of silicon, 7*4 was deduced. Assuming that 
chlorine in the tetrachlorides has the same value as in the organic 
olefine compounds, Mr. George Gladstone and I, in our paper on 
Fluorides (loo. cit.), estimated the refraction equivalent of silicon at 
7'07, and the dispersion equivalent at 0*32. These figures are not well 
supported by the specimen of tetrabromide of silicon, for which I am 
indebted to Professor Thorpe. 1 The refraction equivalent calculated 
from it on similar principles would be as much as 9 6, and the disper¬ 
sion equivalent only 0*14. 

Titanium Tetrachloride .—The two specimens agree well. An early 
experiment of mine, published in 1869, gave R A as 65*08, and indi¬ 
cated a similar length of spectrum. The refraction does not differ 
widely from an observation made by H. Becquerel. Reckoning as in 
the case of the carbon and silicon compounds, titanium would appear 
to have a refraction equivalent of 25*2, and the enormous dispersion 
equivalent of about 8*7. 

Additional Lines of the Spectrum . 

My notes frequently contain observations of lines in the spectrum, 
other than A, D, F, and H, more particularly in those substances 
that have a high dispersive power. As these may be interesting in 
some inquiries, the more important ones are subjoined, whether the 
substances have been given already in this or in previous papers. 

I hope, with the permission of the Society, shortly to give a 
further communication dealing with various observations upon the 
refraction and dispersion of substances in solution. 


XXXIII.— Citraconflu&rescein, 

By J. T. Hewitt, B.A., B.Sc., Assoc. R.C.S. 

I. Theoretical . 

The three acids, ciiracouic, itaconic, and mesaconic, have been worked 
at by many chemists, with a view to the settlement of their constitu¬ 
tion. In the similar case of fomaric and maleic acids, a satisfactory 
explanation has been given, assigning to the former a formula indi¬ 
cating axial, .whilst the latter is taken to exhibit plane, symmetry. 
This hypothesis is well borne out by the inability of the former acid 
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to form an anhydride (Liapin, J. Buss. Ghem. Sot., 13, 140), whilst 
maleic acid readily yields sach a compound on distillation, water being 
eliminated. In addition to this, there is the transformation of maleic 
into f xl marie acid by the action of small amounts of hydriodic or 
liydrobromic acids, a rotation of the two halves of the molecule 
relatively to one another taking place. 

The isomerism exhibited by citraeonic and mesaconic acids is ex¬ 
plained similarly on the Yan’t Hoff hypothesis (JDix Annees, p. 79), 
citraeonic acid being the methyl derivative of maleic acid, whilst 
mesaconic holds the same relationship to fumaric acid. Bnb we have 
the case complicated by the presence of the third isomeride, itaconic 
acid, which also easily yields an anhydride, and is formed from citra- 
conic acid by simple reactions. If citraeonic anhydride is heated for 
some hours with water at 150°, itaconic acid is produced (Wilm, 
Annal°n, 141, 28), but if citraeonic acid is treated with hydrochloric, 
hydrobromic, or hydriodic acid, mesaconic acid is formed. On the 
other hand, although itaconic anhydride distils unchanged under a 
pressure of 30 mm., yet at the ordinary pressure it is converted into 
citraeonic anhydride. 

Again, all the three acids give the same methylsuccinic acid, 
CH 3 *CH(GOOH)‘CH 4 *COOH, on reduction with sodium amalgam. 
Hence, although mesaconic acid may be well regarded as the methyl 
derivative of fumaric acid, yet the relationships of itaconic and citra- 
conic acids are not so apparent. Again, in the case of acids with the 
formula C(CH*)(COOH)IC(CHi)-COOH, we are acquainted with pyro- 
cinchouic acid only, which, although it does not exist in the free state, 
but only in its anhydride and salts, has nevertheless been generally 
Regarded as dimethylfumaric acid. In order to prove that citraeonic 
acid and pyrocinchonic acid are true homologues of maleic acid, it 
would be as well if in some particular instance we could show that 
their anhydrides behave in a precisely similar manner. 

Lunge and Burckhardt have found that a maleinfluorescein is 
formed when 1 mol. of maleic anhydride and 2 mols. of resorcinol are 
heated together for two hours (Ber., 17, 1598) ; this I consider to be 


a typical reaction, since only anhydrides of the type 


R-OCO 

R-C-00 


>0 


condense in this way (e.g., maleic, phthalic, and substituted phthalie 
anhydrides) ; and have succeeded in applying it to citraeonic anhydr¬ 
ide, with formation of a fluorescent derivative. 


II. Practical . 

Ctiraeonflttoresce&n .—Although citraeonic anhydride ajud resorcinol 
form a condensation product when heated together, the addition of a 
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small quantity of sulphuric acid makes the reaction take place much 
more readily; I therefore adopted the following method of prepara¬ 
tion:—10 grams of citraconic anhydride and 20 grams of resorcin 
were melted together, with the addition of 5 grams of concentrated 
sulphuric acid. After fusion, a uniform mixture was obtained, which 
was heated on a water-bath for about half an hour. On cooling, the 
dark-red product was first partially purified by washing it with cold 
water, until no traces of sulphuric acid could be detected in the 
washings; by this means any excess of citraconic anhydride or 
resorcinol was also removed, the citraconfluorescein being only 
sparingly soluble in cold water. The residue was then extracted 
with dilute alcohol, in which the citraconfluorescein readily dissolved 
with a brown colour and green fluorescence, not so vivid, how¬ 
ever, as that shown by ordinary fluorescein. The alcohol was then 
allowed to evaporate slowly at the temperature of the laboratory, 
but no crystals were deposited; on drying the residue in a vacuum 
over sulphuric acid, a fine red, vitreous, transparent mass was 
obtained, which was finely powdered, and further dried for some 
days over strong sulphuric acid. Analysis of this compouud showed 
that it contained 4 mols. HoO. 

0*1696 gram gave 0 3451 gram CO^, and 0*0811 gram H 3 0. 

Calculated for 

Ci-HuO^O. Found. 


C. 55*43 55*44 

H . 5*43 5*31 


Citraconfluorescein is readily soluble in alcohol and in glacial acetic 
acid, fairly soluble in water, forming a yellowish-brown solution 
having a green fluorescence lighter in colour than that possessed by 
the alcoholic solution; it is somewhat soluble in benzene, but only 
sparingly in ether yielding a yellow solution; it is practically insoluble 
in toluene, even on boiling. The addition of sodium chloride causes 
the separation of citraconfluorescein from its aqueous solution. In 
alkalis, the substance dissolves with a magnificent purple colour by 
transmitted light, the solution exhibiting a dark-green fluorescence; 
but the ammoniacal solution loses this colour on boiling, the ammonia 
being expelled. The solution in caustic soda is decolorised on allowing 
it to stand in contact with zinc filings, but the colour is restored by 
weak oxidising agents, such as potassium ferricyanide; from this it 
follows that the carbinol group alone is reduced, and that the double 
is not converted into a single linkage, a citraconftuoresciu being 
obtained, probably of the formula 


OCOOH 


VOL. LIX. 
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Citraconfluorescein melts at 70—75° (uncorr.), and appears to decom¬ 
pose at 109°, tliis, however* is probably only due to an evolution of 
water vapour. 

The tetrahydrated compound* dried at 100°, loses 2 mols. H 3 0, 
giving CnHi-Os^HaO. Analysis gave the following result:— 

0*1678 gram gave 0*3792 gram C0 2 , and 0*0795 gram H 3 0. 

Theory for 

C l7 H 12 0 5 ,2H 3 0. Pound. 


C. 61*45 61*63 

H. 4*88 5*26 


Calcium Salt —If citraconfluorescein is boiled for some time with 
water and calcium carbonate, some of the latter dissolves; on filtering 
off the excess of calcium carbonate and allowing the solution to cool, 
minute spheroids of a calcium salt separate out. but if the solution be 
at once evaporated on the water-bath, the salt is obtained as a fine, 
orange-coloured, transparent, amorphous mass, easily soluble in water 
yielding a yellow solution with a bright green fluorescence. Calcium 
estimations agree with the formula C 17 H lu 05 Ca, 8 H> 0 . 

I. 0*1506 gram gave 0*0424 gram CaS0 4 . 

II. 0*0319 gram gave 0*0319 gram CaSO*. 

Pound. 

Calculated for ( -*-^ 

C , i7H 10 O^Ca,8H 2 O. I. IX. 

Ca . 8*37 8*21 8*43 

If in the preparation of the calcium salt a mixture of the carbonate 
and hydroxide is used instead of the former alone, a dark purple 
solution is obtained, and on evaporation purple crusts of a basic salt 
separate, 0*2162 gram of which yielded 0*1198 gram CaSO l7 corre¬ 
sponding to 16*29 per cent, of calcium. 

Silver Balt —On adding silver nitrate solution to the solution of the 
yellow calcium salt, a bright yellow, flocculent precipitate is thrown 
down, but decomposes almost immediately, darkening considerably, 
even before it can be filtered, thus preventing a silver estimation of 
this compound. 

Lead Salts .—When lead acetate solution is added to a solution of 
the yellow calcium salt, au orange, flocculent precipitate is thrown 
down, but the solution is not completely decolorised, owing to the 
somewhat soluble nature of the lead derivative. On filtering off the 
precipitate and drying it at 100 °, lead citraconfluorescemate is obtained 
as a light, brick-red, amorphous powder, a lead estimation of which 
showed it to be C l 7 H J 0 O a Pb. 






HEWITT: CITRACOXFLUORFSCEIV. 


305 


0 1692 gram gave 0*0794 gram PbO. 

Theory for 

C 17 H 10 O 5 Pb. Found. 

Pb. 41*32 41*61 

If, however, the lead acetate contains some free acetic acid, a 
lighter yellow precipitate is obtained, which becomes bright orange on 
drying. The amount of lead contained in this is smaller. 

0 1089 gram yielded 0*0417 gram PbS0 4 . 

Calculated for 

(C 17 H n 0 8 )JPb. Pound 

Pb. 2*5 97 26 16 

Both the above salts are sufficiently soluble in \\ater for the solu¬ 
tions, after filtiation from the corresponding salts, to give a volumi¬ 
nous, splendid, purple precipitate on the addition of ammonia. This 
precipitate was digested for some time with neutral lead acetate solu¬ 
tion, in order to remove any precipitated lead hydroxide as babic 
lead acetate, then filteied off and dried, first on the filter pump, and 
then at 100°. 

0 2962 gram gave 0*2812 gram PbS0 4 . 

Calculated for 

C 17 H 10 O 5 P b,2PbO. Found 

Pb. 65*58 65*97 

This basic compound forms a fine, dark-purple, amorphous powder, 
insoluble in water. 

I have obtained nitro- and bromo-derivatives of citraconfluorescein, 
the former being dark-brown, and the latter a pale-pink substance, the 
alcoholic solution of which is a fine red. These I have nob yet folly 
worked out, but hope shortly to lay further details before the Society. 

University Laboratory , 

Cambridge . 
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XXXIV. — The Oxidation of Mannitol by Nitric Add . d.-Manno - 
sacchanc Acid . 

By T. H. Eas/eekfield, B.A. (Junior Demonstrator in the University 
Laboratory, Cambridge). 

According to the text-books on organic chemistry, saccharic acid may 
be obtained by oxidising mannitol with nitric acid. This statement 
appears to date as far back as I860, when Backhaus (Neu. JR ep. Pham , 
9 , 291, &c.; Jahresber ., 1861, 522) announced that he had obtained 
oxalic and a small quantity of saccharic acid by oxidising mannitol 
with nitric acid according to the method given by Liebig (Jahresber , 
1860) for the oxidation of milk-sugar to tartaric acid. 

A close relationship should, therefore, exist between mannitol and 
saccharic acid, and this conclusion seemed to be further strengthened 
by the observation that dextrose yields mannitol when reduced with 
sodium amalgam, but yields saccharic acid when oxidised by nitric 
acid. 

The recent researches of Emil Fischer and his pupils have, how¬ 
ever, shown that dextrose on reduction yields mannitol with diffi¬ 
culty, whereas mannose, the stereochemical isomeride of dextrose, 
passes almost quantitatively into mannitol when treated with sodium 
amalgam. This result seemed to indicate that the relationship 
between dextrose and mannitol was not so simple as had been sup¬ 
posed. The close relationship between mannitol and mannose, how - 
ever, is shown by the ease with which the one can be converted into 
the other. If mannose be further oxidised with bromine-water, it 
yields monobasic d.-mannonic acid, which may be oxidised by nitric 
acid to bibasic d.-mannosaccharic acid, isondteric with ordinary saccha¬ 
ric acid (Wirthle, Dissertation, Erlangen , 1890). The new acid differs 
markedly front saccharic acid, inore especially in that it yields no 
sparingly soluble acid potassium salt, and passes readily by internal 
condensation into a crystalline double lactone. 

These results made it appear probable that mannitol would not 
yield saccharic by direct oxidation with nitric acid, but mannosac- 
charic acid; and tit Professor Fischer’s suggestion, I have carried 
out the oxidation with nitric acid of various strengths. Our suppo¬ 
sition as to the nature of the reaction was completely realised, man- 
nosafccharic and oxalic acids being the only products which could be 
identified. 

In the first place, in order to ascertain whether saccharic acid was 
formed by the oxidation of mannitol, 5 grams of mannitol were 
warmed on the watet-bath with 30 grams of nitric acid of sp. gr. 1'15; 
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when the reaction had almost ceased, the liquid was evaporated to a 
syrup, diluted with water, and again evaporated, so as to get rid of 
excess of nitric and nitrous acids and to destroy any nitro-compounds 
which might he present. The syrup was then diluted with 30 c.c. of 
water, exactly neutralised with potassium carbonate, evaporated to a 
small bulk, and an excess of acetic acid added. INo crystallisation 
occurred even when crystals of acid potassium saccharate were placed 
in the liquid and allowed to remain there for several days. Saccharic 
acid cannot, therefore, have been produced in the reaction. A like 
result was arrived at when experiments were made on a larger scale 
and with more highly concentrated nitric acid. 

The next step was to find out what acid, if any, had been produced 
in the above operation. With this object, 10 grams of mannitol were 
oxidised as above described, and the syrup, after having been diluted 
to 250—300 c.c., was boiled with precipitated chalk until neutral to 
test-paper. The liquid was filtered, a considerable quantity of calcium 
oxalate together with unaltered chalk remaining on the filter. The 
dark-brown filtrate, after being evaporated until a film appeared on its 
surface, was allowed to cool, when a reddish-brown calcium salt sepa¬ 
rated. This to the naked eye appeared crystalline, but under the 
microscope was found to consist of aggregates of most characteristic 
nodnles, bearing an astonishing likeness to a yeast plant. A further 
quantity of the salt was precipitated oh adding alcohol to the mother 
liquor. 

Although this calcium salt is not remarkably insoluble in water, it 
is somewhat difficult to get into solution, for if put into hot water it 
melts to a thick oil which remains at the bottom of the liquid, darkens 
in colour, and then passes into solution very slowly indeed. If, how - 
ever, the crude calcium salt be ground to a very thin paste with cold 
water, and then added gradually to a large quantity of boiling 
water, it dissolves immediately, giving a darkly coloured solution 
which can be readily decolorised with animal charcoal. On concen¬ 
trating the solution, the calcium salt separates out on cooling as a 
cream-coloured powder which under the microscope exhibits the same 
structure as the crude salt. If the solution is allowed to evaporate 
spontaneously, the salt separates out in vitreous grains with no well- 
developed faces. These grains have no action on polarised light. 

The calcium salt contains water and is efflorescent; after ebbing at 
100°, it gave the following result:— 

0-1880 gram gave 0*1035 gram CaS0 4 . 

Calculated for 

Found. CgHgOgGa. 

Ca. 16*19 1612 
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The salt would thus appear to be calcium saceharate or an isomer 
thereof. That it was not ordinary calcium saccharate w as proved by 
decomposing 1 gram of the salt with an equivalent amount of potas¬ 
sium carbonate, concentrating, and adding acetic acid. No sparingly 
soluble salt separated out. 

A silver salt was prepared from the concentrated solution of the 
calcium salt. It could not be reciystallised, and rapidly darkened in 
colour. Upon analysis, 

I. 0*1646 gram gave 0*0978 gram CO>, 0*0305 gram HO, and 
0*0813 gram Ag. 

IT- 0*1691 gram gave 0*1009 gram CO>, 0*0378 gram H*0, and 
0 0833 gram Ag. 

Found. 

f -*-^ Calculated for 



I. 

IT. 

C\HsO^Vg,H;A>‘ 

c . 

... 16 20 

16-20 

16-28 

H .... 

.. 2-05 

2-48 

2-26 

A g . 

... 4939 

49 37 

48-86 


These results could not be regarded as satisfactory, and it was 
decided to attempt the preparation of the free acid from the calcium 
salt by decomposition with oxalic acid. In the meantime, the above 
results were communicated io Professor Emil Fischer, who kindly 
forwarded a specimen of the lactone of d.-mannosaccharic acid for com¬ 
parison with the acid which I was about to prepare. 

On decomposing the calcium salt with an equivalent quantity of 
oxalic acid, filtering, and concentrating, a syrup was obtained which 
refused to crystallise even after long standing. The addition of a 
crystal of Fischer’s lactone, however, immediately caused the syrup 
to change to a solid mass of crystals These were freed as completely 
as possible from mother liquor by means of a vacuum filter, washed 
with ice-cold water, and then recrystallised from hot water. The 
substance was thus obtained in colourless needles, which, after wash¬ 
ing with absolute alcohol, gave the following results on analysis :— 

0*1407 gram gave 0*0593 gram H 2 0 and 0*1750 gram 00 2 . 

Calculated for 
Found. C b H t 0 O s . 


C. 33*91 34*28 

H. 4*68 4*76 


These results agree with those to he expected from an acid, and not 
from a lactone; the crystals, however, effloresce, and by drying in a 
vacuum over sulphuric acid lose 2 mols. H.O. 

Of the dried substance. 
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0‘1308 gram gave 0*0393 gram H 2 0 and 0*1977 gram CO*. 

Calculated for 
Found. C 6 H 6 0 6 . 


C. 41*21 41*37 

H. 3*33 3*44 


The colourless, efflorescent crystals above mentioned would seem to 
be merely the lactone crystallised with 2 mols. H 2 0, and not the acid 
itself; for if these crystals are dissolved in water, the solution is 
absolutely neutral when freshly prepared. After standing, however, 
for some hoars, the solution acquires an acid taste and reddens litmus 
strongly, showing that the lactone passes into the acid when in solu¬ 
tion. The identity of the above lactone with Fischer’s d.-manno- 
saccharolactone appears to be complete. The fact that the latter 
crystallises in the first instance with 2 mols. H 2 0 is, indeed, not men¬ 
tioned in Wirthle's dissertation, but it is a fact which might well 
escape notice. The points of resemblance are the following:— 

(1.) The two lactones (both dried over sulphuric acid) when 
placed in capillary tubes, and heated side by side in a sulphuric acid 
hath, exhibited exactly the same behaviour. At 170°, they began to 
darken, and at 182°, both melted with decomposition. 

(2.) A small quantity of Fischer’s lactone, when boiled with chalk 
and the filtered solution concentrated, yielded a calcium salt which 
separated in microscopic spherules, just like those furnished by the 
calcium salt from mannitol. 

(3.) Both reduce Fehling’s solution strongly; this, however, is a 
character shared by many other oxy-acids. 

(4 ) Both are strongly dextrorotatory. Mr. H. E. Schmitz, of St. 
John’s College, has kindly made some experiments upon the optical 
properties of the lactone. Unfortunately, I had left Cambridge, and 
was unable to supply him with sufficient material to finish his investi¬ 
gations. Suffice it to say that in a solution, the strength of which was 
only about 1 per cent., the apparent sp. rot. power [a] D = +167*9°. 
That of d.-manuosaccharolactone iu 5 per cent, solution = -f 197*1°. I 
hope to be enabled to communicate an accurate determination of the 
rotatory power in a subsequent note. 

It remains to discuss the best method for the preparation of the 
lactone from mannitol. Hitherto the best yield has been obtained as 
follows:— 

20 grams of mannitol are placed in a small flask, and covered with 
120 grams of nitric acid, sp, gr. 1*16, and the flask slowly warmed in 
a water-bath, a thermometer being placed inside the flask. When the 
contents of the flask have obtained a temperature of 75°, the thermo¬ 
meter begins to rise rapidly, showing that an energetic action is begin- 
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ning. The flask is now cooled down to 65°, and kept between 65° and 70 c 
until the reaction has nearly ceased; generally 5—6 honrs. The tern- 
peratnre is now allowed to rise slowly to 80°, and after the reaction 
has again diminished, the flask is kept at 90° for a conple of honrs. 

If the contents of the flask be now dilnted with water, boiled with 
an excess of chalk, and filtered, a solution will be obtained which, 
when evaporated to saturation, and poured into five times its volume 
of alcohol, deposits the whole of the calcium salt as an amorphous, 
flooculent precipitate. If this is washed by decantation, then well 
shaken up with water, and the turbid liquid poured into a large 
volume of boiling water, the salt goes completely into solution. The 
solution, after being decolorised with animal charcoal, yields the ' 
calcium salt as a nearly colourless powder. By this method, 

80 grams of mannitol yielded 32 grams of crude calcium salt, and 
this, after recrystallisation, gave 20 grams of pure salt, that is, 25 per 
cent, of the mannitol employed. 

The acid may, however, be prepared from the crude oxidation pro¬ 
duct without first preparing the calcium salt; for this purpose, the 
product of the oxidation is evaporated in an open dish, with constant 
stirring, until a syrap is produced. This, if slightly diluted and 
allowed to cool, deposits a large quantity of oxalic acid, which must 
l>e filtered off and the mother liquor concentrated. On now adding 
a crystal of the lactone (prepared from the calcium salt) to the solu¬ 
tion, the product will solidify, and can be purified by recrystallisation 
from water. Sometimes the liquid crystallises of its own accord, but 
usually refuses obstinately to do so; the addition of alcohol assists the 
crystallisation. 

10 grams of mannitol treated in this manner gave 0*9 gram of pure 
lactone, but I have little doubt that the process can be modified so as 
to give a better yield. 
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XXXV.— Studies of the Terpenes and allied compounds. The nature 
of Turpentine oils , including that obtained from Pinus Khasyana. 

By Henry E. Armstrong. 

Among the compounds which attracted my attention when I began to 
study terpenes and allied compounds, now many years ago, was the 
crystalline substance of the formula Ci 0 Hi 8 O 2 , briefly described by 
Sobrero, in 1851 ( Oompt . rend., 33, 66; Annalen, 80,106), obtained 
by exposing oil of turpentine together with moist oxygen to sunlight 
—a substance which was rendered none the less interesting by 
Sohrero’s statement that, when boiled with dilute sulphuric acid, it 
was converted into a volatile product having a strong odour re¬ 
sembling that of camphor as well as that of turpentme. 

It was to be supposed that Sobrero had worked with French oil of 
turpentine, and therefore this was first submitted to air-oxidation in 
sunlight; the results obtained were in complete accordance with the 
account given by Sobrero. On substituting American for French 
turpentine, a substance was obtained identical witty that resulting 
from the oxidation of the French hydrocarbon, except in its optical 
characters. 

These results led me to study the behaviour of oils from various 
sources containing Ci 0 Hi 8 hydrocarbons, in the hope that information 
might be gained which would serve to elucidate the complex problem 
presented by the existence of an apparently infinite variety of essen¬ 
tial oils. 

It was soon ascertained that a clear atmosphere and a bright, high 
sun—conditions which are always exceptional in London—were 
requisite for the formation of the crystals. It has rarely happened 
that crystals began to form until late in May, and each exposure has 
nsually lasted from two to three months. Necessarily, therefore, the 
information has been acquired at a slow rate. The earlier experi¬ 
ments were carried on at the London Institution, Finsbury Circus, on 
the roof—a particularly unsuitable locality. But very little progress 
was made during the subsequent years in which the arrangement of 
the laboratory and the organisation of the teaching, first at the 
Finsbury Technical College, and very shortly afterwards at the 
Central Institution, claimed my attention. During the past three 
summers, the experiments have been regularly resumed at tbe Central 
Institution, and it has been possible, chiefly owing to the important 
assistance which one of my students, Mr. Pope, has rendered me in 
submitting the prodnets to crystallographic examination, to collate 
the scattered results. 

VOL. lix. 2 a. 
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The conclusions arrived at are, I venture to think, of some import¬ 
ance, and justify the hope formed at an early period of the enquiry, 
that a comparative study of the air-oxidation products from various 
oils would not be without interest. 

The following passage from the second edition of my Introduction 
1o the Study of Organic Chemistry (London: Longmans. Green, & 
Co.), published in I860, is here quoted as an indication of the views 
which guided me in the enquiry, and which are justified in the 
present note:— 

“The hydrocarbons of the formula C 10 H lf1 derived from plants, may 
be divided into two classes, viz., (1) those boiling at about 156°, 
which are conveniently termed terpenes , as they are the chief con¬ 
stituents of ordinary turpentine oils ; and (2) those boiling at about 
176—178°, which may be termed citrenes , as they are the chief con¬ 
stituents of the oils derived from the various species of Citrus . The 
terpenes and citrenes are all capable of rotating the plane of polarisa¬ 
tion of light, but no two plants furnish terpenes or citrenes of 
identical rotatoiy power, and often different parts of the same plant 
yield different products; the different terpenes appear, however, to 
agree in all other physical properties, and also in their chemical pro¬ 
perties ; and the same is true of the different citrenes. It is probable 
that the number of isomerides of the formula CioH w is very much 
smaller than has been supposed, and that the differences observed in 
the rotatory powers of the hydrocarbons from various sources ate due 
to their being mixtures in varying proportions of two or more 
isomerides” (p. 106). 

In a paper read before the Society of Chemical Industry, in 1882 
(their Journal, p. 478), detailing the results of the examination of a 
very large number of samples, representing many thousand barrels of 
different kinds of commercial turpentine, after calling attention to the 
almost absolute uniformity of the French oil and the wide variation 
which was noticeable on comparing the rotatory powers of different 
samples of the American oil, I stated that I had been led to think it 
not nnlikely that the low dextrorotatory power of American turpen¬ 
tine is due “ to the presence of a Imvorotatory turpentine; this would 
serve to explain the difference in optical character of products from 
different localities.” That this is actually the case I have no longer 
any doubt. The crystalline product from French turpentine is all 
but uniform; that from American turpentine is but rarely so: the 
earlier crystallisations usually consist of a substance which may be 
said to be the image of that from the French oil, but althongh the 
crystals in later fractions may exhibit the same melting point as 
those separated at an early stage, the rutatory power of the fraction 
as a whole is lower. The explanation of the difference was discovered 
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in the course of the examination of a very "beautiful turpentine oil 
from British Bnrmah, the produce of Finns Khasyana, which came 
into my possession in 1881, through the kind assistance of Mr. 
Thiselton Dyer, the Director of the Royal Gardens, Kew. This oil 
is in every respect, so far as I have been able to ascertain, the counter¬ 
part of French turpentine, but its optical image, and if it could be 
obtained in quantity would form a most valuable article of commerce; 
a description of its derivatives will form the subject of a later com¬ 
munication. The air-oxidation product of the Khasyana terpene is 
the image of that from French turpentine and identical with that 
obtained from American oil, the difference in the Burmese and 
American oils being that the former, like the French oil, affords a 
more nearly uniform product. 

When the two varieties of equal opposite rotatory power of the 
oxidation product are mixed, an inactive substance is obtained of 
much lower melting point, and it is this substance which is present 
in considerable quantity in the product from American oil along with 
the dextrorotatory active form. The melting point observed in the 
case of the later fractions of the product from American turpentine is 
a matter of accident, for if the crystal used in the determination bo 
not specially selected from the mass, it may be either the active or 
the inactive substance. 

As the relation of the crystalline oxidation product to the parent 
hydrocarbon cannot yet be determined, and as it is not improbable 
that, as in other cases, a molecular change has attended its formation, 
and that it is not a simple derivative of the hydrocarbon, I would 
suggest that in giving it a name (as one or both of its oxygen atoms 
possess alcoholic functions), to recognise its discovery by Sobrero, it 
be termed sobreroh 

The numerous observations which I have made lead me to think 
that sobrerol is only obtainable from the terpenes proper; and that, 
according as an oil yields either dextro- or lsevo-sobrerol, or a mixture 
of either modification with the inactive form, it is to be regarded as 
containing one or other of the corresponding terpenes, or, as in the 
case of American turpentine, a mixture of the two. In other words, 
that there are but two terpenes, viz., those represented by the essential 
components of the French and Burmese oils. 

Bearing in mind that we are indebted to Berthelot for the first 
systematic study of the varieties of turpentine oil, and that he pro¬ 
posed the name terebenihene for the characteristic hydrocarbon of such 
oils, as a matter of justice, it would appear but right to retain this 
name, terming the two optically different varieties dextroterebenthem 
and Icevoterebmthene . 

So long as we are unaware of the structure of the terehenihenes, it 
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ii> impossible to pronounce an opinion on theoretical grounds as to 
the possibility or otherwise of a distinct inactive modification; the 
argument from analogy alone makes the existence of such an intra- 
eompensated modification conceivable, however. 

The oil which Sobrero obtained by distilling the crystalline oxida¬ 
tion product with acid has proved to be identical with the isomeride 
of camphor, which Wallach and Otto obtained by the interaction of 
turpentine and nitrons acid (Annalen , 253, 240), which they have 
named pinol. Being a strict adherent to the view that the ol termi¬ 
nation shonld be reserved for hydroxy-derivatives exhibiting alcoholic 
fnnetions, as the compound does not appear to be of this class, I 
have ventured to suggest (Proc., 1890, 99) that it shonld be named 
solver one, to indicate its relationship to sobrerol. Having succeeded 
in reconverting “pinol” into the crystalline oxidation product, 
C l0 HmCh, Wallach ( Annalen , 259, 313) proposes to name the latter 
final hydrate; unfortunately this name also appears to me to be 
inappropriate, for the reason that it is desirable to restrict the term 
hydrate, as far as possible, to compounds containing so-called water 
of crystallisation. 

The “sobrerene” obtained from the two active modifications of 
sobrerol is optically inactive, and when reconverted into sobrei*ol by 
Wallach’s method, yields the inactive form of the latter. 

It is to be mentioned that the proportion of crystalline oxidation 
product obtained is relatively very small, the greater part of tlie tur¬ 
pentine being converted into the well known non-volatile viscid oil. 
Much better results would be obtained, I imagine, if the oxidation 
were effected under the influence of a tropical sun. As it appeared 
possible that the viscid oil might contain some sobrerol, it was digested 
with dilute sulphuric acid and steam-distilled; a considerable amount 
of volatile oil was obtained, but hitherto all attempts to separate 
“ sobrerone ” from this have failed. Notwithstanding that the 
greater part of the hydrocarbon is converted into products other than 
sobrerol, as dextro- and Isevo-terebenthene are apparently oxidisable 
at the same rate under similar conditions, it is to be supposed that 
when a mixture is oxidised the crystalline product will regularly 
betray its origin, unless, indeed, pressure have a perceptible 
influence on the rate of oxidation. On oxidising American turpen¬ 
tine fractionally, that is to say, if, when the oxidation has gone on for 
some time, the crystals are collected and the unoxidised oil is 
separated by steam-distilling and re-exposed to oxidation, &c., a series 
of products are obtained, the first of which has a higher dextro¬ 
rotatory power than subsequent fractions. This is exactly what 
should happen if dextroterebentheue he tho chief constituent of 
American turpentine. 
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It appears not unlikely that sobrerol may occur naturally; I have, 
however, only on one occasion met with evidence of its presence. 
In the coarse of the investigation of so-called terebene which 
Professor Tilden and I carried out several years ago, I had occasion 
to distil a large quantity of American turpentine which I had 
received in a wooden barrel. The most volatile portion was collected 
separately, and put away in a blue Winchester quart, in a dark cellar; 
after a time, the sides and bottom of the bottle were found to he 
encrusted with crystals, which were collected and recrystallised from 
alcohol. Only a very few grams of the crystals were thus obtained 
from 10 gallons of turpentine. This substance has proved to be 
inactive sobrerol, chiefly mixed with some dextrosobrerol. 


XXXVI.— Studies of the Terpenes and allied compounds . Sobrerol , a 
product of the oxidation of Terebenthene (Oil of Turpentine) in 
Sunlight . 


By Henry B. Armstrong and W. J. Pope. 

Preparation of Sobrerol .—The most convenient form of vessel in 
hich to effect the oxidation of turpentine in sunlight is the common 
glass statuette shade, a suitable size being that about 6 inches in 
diameter and 14 inches high. A number of these shades are ranged side 
by side in a wooden, zinc-lined tray about 2 inches deep; they are placed 
across two laths three-eighths of an inch thick, so that a glass tube, 
bent as shown in the following figure (p. 316), may rest within the 
shade with the one end projecting beneath the edge of the shade into 
the water outside. The tray being full of water, the shade with the 
tube inside is placed across the laths, and an indiarubber tube having 
been attached to the outside end of the glass tube, air is sucked out 
until the water has risen within the shade and fills about one-third of 
it; the rubber tube is then detached, and 50—100 c.c. of turpentine 
delivered from a pipette underneath the edge of the shade. As the 
oxygen of the air is gradually absorbed, the water rises and crystals 
begin to collect on the interior after three or four days’ exposure in 
bright sunshine. Oxygen, to replace that absorbed, is run in when¬ 
ever necessary by attaching a rubber tube, connected with an oxygen 
reservoir, to the lower end of the glass tube in the shade. When a 
clearly defined crystalline deposit has formed over the shade down to 
the “ nitrogen line,” i.e., the level to which the water rises when all 
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oxygen is absorbed from the air, the shade may be filled ■with oxygen 
down to the level of the water in the tray, as the formation of 
crystals becomes confined to the upper part of the shade. The 



greatest speed of absorption noticed has been that indicated by a rise 
of the water 2 inches per day, but this has occurred only in 
abnormally bright weather with an atmosphere rich in oxygen. 
After six weeks’ exposure or so, the oil begins to sink; tbe shades are 
then removed with the aid of a large clock glass, set aside to drain 
for a few hours, and the lower part cleaned with the aid of spirit; 
the crystalline deposit is then scraped out as far as possible by means 
of a flexible steel spatula, the undetached portion being removed by 
rinsing with hot spirit. 

To purify the crude product, it is dissolved in a minimum quantity 
of boiling alcohol, the solution digested with animal charcoal, filtered, 
and rapidly cooled ; by continually stirring, the crystals are caused 
to separate in the form of a fine meal, from which the liquor in 
easily expressed on a vacuum filter. If necessary, this operation is 
repeated* and, finally, the substance is allowed to crystallise out 
slowly from alcohol. 

The following results, obtained on combustion of the substance so 
prepared, serve to verify the formula originally assigned to the 
product by Sobrero:— 

Experiment. Calculated. 

Carbon per cent....... 70*57 70*49 70*57 

Hydrogen per cent..... 10 71 10*74 10*61 
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Dextro- and Lrevo-sobreroL 

The pure substance melts at 150°, In a solution, in ordinary spirit, 
containing 5 grams per 100 c.c., it exhibits the specific rotatory power, 
[a] D = J- 150°. We do not claim any high degree of accuracy for 
this value, and propose to redetermine it when we are satisfied that 
we are dealing with a substance of undoubted purity. 

Active sobrerol separates from its alcoholic solution in the form of 
long, tabular crystals attaining a length of 30 mm., and from water 
as stout prisms. The two isomerides, as might be expected, crystallise 
in enantiomorphous hemihedral forms. The crystals possess a vitreous 
lustre, and are colourless and transparent. 

The following are the crystallographic data which establish the 
form of sobrerol (Fig. 1) :— 


Number of 


Angle. 

ac 

observations. 

34 

83° 

Limits. 
14'—83° 

58' 

Mean. 

88° 88' 

Calculated. 

am 

11 

67 

5—67 

31 

67 21 

— 

pc 

7 

43 

5—44 

14 

43 41 

— 

ap 

5 

70 

15—79 

30 

79 27 

70° S' 

cm 

12 

87 

11—87 

43 

87 38 

87 33*' 


Crystalline system. Mo nosy mmetric. 

aibio — 2*4113 :1 : 0*8531. 
p = 83° 38', 

Forms present. 

a .... {100} .... co&oq 
e . .. {001} .... OP 

Wl .... {HO} . a • . GOP 

p .... {111} *••• 4-P, 


Fig. 1. 



The crystals exhibit a perfect cleavage parallel to the orthc- 
pinakoid (100), and an imperfect one parallel to the basal plane 
(001). The double refraction is negative and strong. The optio 
axial plane is nearly parallel to the basal plane, and the acute 
bisectrix is nearly perpendicular to the ortbo-pinakoid; the axial 
angle is very large. 

The crystals are flexible, and may be readily bent backwards and 
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forwards several times, ttie cleavage surfaces sliding npon each 
other. They are extremely soft, and may be easily rubbed into 
cleavage splinters between the fingers. 

In very rare instances the hemihedrism is shown by the suppres¬ 
sion of one-half of the pyramid (III) faces. The crystals nearly 
always consist of the forms a. c, and m alone, the hemihedral cha¬ 
racter being shown by an internal skeletal structure, which gives 
rise to a wedge-shaped inclusion, pointing towards opposite ends of 
the prism in the two oppositely active modifications (see Figs. 2 
and 3). The direction of the rotation in solution may be very 
readily determined by means of this structure. Placing the crystal 
with the form (100) facing the observer, and with the obtuse axial 
angle in front and at the upper part of the crystal, so that the basal 
plane is visible as in the figures, in the case of a crystal of the lsevo- 
sobrerol, the skeletal structure points from right to left, while if the 
crystal be one of dextrosobrerol, the wedge points from left to 
right. 


Fig. 2. Fig. 3. 



One of the ortho-pinakoid faces is very brilliant, the parallel one 
being more or less tesselated in character; the form (001) is very 
perfect, no distinction being noticeable between the parallel faces; 
contiguous faces of the form (110) are generally dull, while the 
parallel ones are almost wholly destroyed by the skeletal structure; 
the pyramid faces appear but seldom, and only npon crystals which 
do not show the above described skeletal structure, and which have 
all the faces of each form similar in chai*acter. Th^ pyramid faces 
are large, hut much rounded, and the measurements, which are 
obtained with difficulty, cannot be relied upon as accurate. 

Twinning .—One crystal was found in which (100) was the twin 
plane and face of composition. 

Inactive Sobrerol. 

This substance is at once obtained on allowing a solution of equal 
weights of the two active modifications to crystallise. It melts at 
130*5—131°. The crystals are totally different in appearance from 
those of the active forms, and never exhibit the peculiar internal 
structure which characterise the latter. The following data serve to 
determine the crystallographic constants - 
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Angle. 

Number of 
observations. 

Limits 

Mean 

Calculated 

an 

19 

66° 16'—68° 63' 

67° 35' 

— 

ad 

17 

70 1—1 2 86 

71 10 

— 

dm 

8 

82 60—83 5 

82 56 

82° 55' 


Crystalline system Orthorhombic. 

a b :(5 = 2 4242- 1 : 08268. 

Forms present. 

a »•. • {100} • • • • cof CO 
m .. . {110} .... ooP 
d .... {101} .... foo. 


Fi® 4. 



As crystallised from alcohol, the substance consists of flat, colonr- 
less, transparent tables, with bevelled edges (Fig 4) ; they exhibit 
slight vitreous lustre, and a perfect cleavage parallel to (100), 
and an imperfect fibrous cleavage parallel to (001). 

The optic axial plane is parallel to (001), and the axes emerge 
neai ly normal to (110) The acute axial angle is therefore nearly 
44° 50\ 

The double refraction is strong and negative. 

When a drop of the alcoholic solution is evaporated on a micro¬ 
scope slide, a large proportion of the small crystals so obtained 
present under the microscope the peculiar form shown in the flguie 
(Fig 5), which much resembles a skeletal structure like that pos¬ 
sessed by the active modification, but symmetrically developed; 
measurable crystals do not generally show the structure, but one 
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crystal has been obtained showing snch a double skeletal structure 
in a well-developed state, extending from both ends of the crystal, 
and meeting in au hour-glass form at the centre. 

The crystals may be crushed between the fingers into long, fibrous 
cleavage fragments. The inactive crystals are far more brittle than 
those of the active modification, and the cleavage laminae do not slide 
over one another in so striking a manner as in the monosymmetric 
crystals. 

Active and inactive sobrerol possess considerable crystallographic 
interest on account of their extraordinarily close similarity to each 
other, a similarity much greater than that which generally subsists 
between the active and inactive modification of a compound. It will 
be seen from the description that in their axial ratios, their habit, 
their optical orientation, the position of their optic axes, the sign and 
magnitude of double refraction, and their cleavages they are prac¬ 
tically identical. The only differences in dimensions are that the 
angle fi is 90° for the inactive and 83° 38' for the active modification, 
and that the forms developed are different. 

The resemblance even extends to the skeletal structure described 
above, with the important differences that this structure is unsym- 
metrical or wedge-shaped for the active, but symmetrical or hour¬ 
glass shaped for the inactive, modification. 

The preparation of optical sections was found impossible, owing to 
the softness and flexibility of the crystals. 

In conclusion, we desire to express our thanks to Mr. Miers, 
Instructor in Crystallography in the Central Institution, for the 
assistance and advice which he has most kindly given to one of us 
(W. J. P.) in carrying out the crystallographic study of sobrerol. 

Chemical Department, Central Institution , 

Exhibition Road , London . 


XXXVII.— A Rapid Method of Estimating Nitrates in Potable Waters . 
By George Harrow, Ph.D., P.I C. 

The usual method of estimating nitrates in potable waters, tbe 
mercury method of Crum, as modified by Frankland and Armstrong, 
though yielding accurate results, requires a very considerable time for 
its performance. It frequently happens that an analyst desires to 
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form an opinion as to tlxe purity of a water in a short space of time, 
and so far as the estimations of ammonia and “ albumenoid ” am¬ 
monia, examination by means of the Forchammer process, and 
estimation of chlorine are concerned, results are easily and rapidly 
obtained; it is only the determination of nitrogen as nitrates and 
nitrites that materially prolongs the analysis, so that a process which 
would give the nitrogen as nitrates and nitrites as accurately as the 
mercury process and as rapidly as the determination of ammonia by 
Nessler’s test appears to be wanted. 

The method which I have devised for this purpose is founded on 
Griess’ extremely sensitive nitrite test (a-naphthylamine and sulph- 
anilic acid), and depends on the conversion of nitric acid into nitrons 
acid by means of zinc-dust; that this conversion is a partial one, and 
that other products, ammonia and hydroxylamine, are formed, does 
not affect the delicacy of the test or the accuracy of the determina¬ 
tion. 

The test solution used consists of 


a-Naphthyl amine .. 1 gram. 

Sulphanilic acid. 1 „ 

Ordinary strong hydrochloric acid ..., 25 c.c. 


dissolved in about 200 c.c. of distilled water, boiled with a smell 
quantity of animal charcoal, filtered, and made up to 500 c.c. 
Standard solutions containing 


1*0 

0*1 

0*01 


part N" as nitrates per 100,000. 

» 77 77 


To prepare these solutions, 0*721 gram of pnre and dry potassium 
nitrate is dissolved in 1 litre of water; the resulting solution contains 
10-0 parts of N per 100,000, and may be readily diluted to the 
strength required. If many water analyses are to be made, it is as 
well to make up a Winchester quart of each of the standards. 

A small quantity of zinc-dust is also required, contained in a wide¬ 
mouthed bottle, into the cork of which a miniature spatula, con¬ 
structed of brass or platinum foil, should be fixed. 

The process is conducted as follows:—50 c.c. of each wator to be 
tested, and as many as four estimations may readily be conducted at 
the same time, are placed in beakers (100 c.c. contents) side by side 
on a sheet of white paper, and with them, in three similar beakers, 
50 c.c. of each of the standard nitrate solutions; to each beaker is 
now added 10 c.c. of the test solution,* and afterwards a very small 

* If nitrites are present the pink colour will, of course, appear without the addi¬ 
tion of zinc-dust; Griess' test. 
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quantity of zinc-dust (7 to 8 milligrams) by means of the miniature 
spatula; the quantity added should be approximately the same in 
each case, and I find that there is no difficulty in effecting this. If 
nitrates be present in the waters, a more or less intense pink colour 
will make its appearance, and this colour may be compared with that 
produced in the three standard nitrate solutions, after the lapse of 15 
minutes; a rough approximation to the truth is obtained in this first 
experiment. 

To get an accurate result, the water must be diluted until the 
colour produced is very nearly like that given by one of the standards; 
perhaps the greatest accuracy may be obtained with the most dilate 
standard, and, if it be used, a hundredfold dilution of the water to be 
tested is frequently advisable; the necessary dilution is, of course, 
indicated by the first experiment. 

The diluted waters are again tested against standards 0*1 or 0*01, 
and, after 15 minutes, the colours carefully compared in Nesslerising 
cylinders of equal calibre, which may be conveniently graduated at 
the side. The standard solution occupying 60 c.c, in one cylinder, 
the water tested is ran into the other until the depth of colour 
appears to be equal; a reading is then made of the quantity necessary, 
say, 45 c.c. were employed. Then 45 : 60 :: 0*1: as (= 0*133), and 




1 in 10 
lm 25 
1 in 10 
undiluted 
1 in 50 
undiluted 
1 in 10 
1 in 50 
I in 10 
1 in 5 
undiluted 
1 in 10 
1 in 25 
1 in 5 
undiluted 
*» 

undiluted 


Nitrogt n as nitrates and 
nitrites; parts per 100,000. 


Mercury 

method. 




Absence or presence of 
traces of nitrite m 
the water examined. 


Nitrites absent. 


Nitrites present. 

Nitrites absent. 
Nitrites present. 


Nitrites present. 


1 *06 Nitrites absent. 

0*61 Nitrites absent. 

0 *56 Nitrites present. 


Nitrites absent. 
Nitrites absent. 

Nitrites absent. 
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supposing the water to have been 10 times diluted it would contain 
1*33 parts nitrogen as nitrates and nitrites. 

The advantages of the proof ss are its rapidity, simplicity, and ease 
of execution, and the small quantity of water required for analysis. 
20 c.c. is sufficient for the purpose, and enables one to make several 
determinations. 

The only precaution necessary, so far as I have observed, is to 
avoid the addition of large quantities of zinc-dust, which would 
decolorise the solution. 

The results of nitrogen determinations in various waters by means 
of the method above described, as compared with the results obtained 
by the mercury process, are contained in the table (p. 322). 


XXXVIII .—Some Compounds of Dextrose with the Oxides of Nickel , 
Chromium , and Iron . 

By Alfbed C. Chapman. 

In a previous communication to the Society (Trans., 1889, 55, 576), 
I described a compound of dextrose with oxide of zinc, prepared by 
adding a solution of zinc hydrate in aqueous ammonia to a concen¬ 
trated solution of dextrose in 90 per cent, alcohol. It occurred to me 
that a similar compound of dextrose with oxide of nickel might be 
obtained by substituting hydrate of nickel for hydrate of zinc in the 
above method. 

Nickel Dextrosate . 

If washed hydrate of nickel is dissolved in strong aqueous ammonia, 
and the solution added to a concentrated solution of dextrose in 90 
per cent, alcohol, a pale-green precipitate falls. If the alcohol be 
weaker, precipitation will not occur at once, but only after standing 
for some time, and in any case is not complete until the lapse of one 
or two days. This green precipitate was collected on a filter, tho¬ 
roughly washed with alcohol, and, after partial drying in the air, was 
dried to a constant weight in a vacuum over sulphuric acid. 

Results of Analysis. 

I. 0*2275 gram gave 0*156 gram C0 2 and 0*0935 gram HjO. 

II. 0*2500 „ 0*0975 gram XiO. 

III. 0*2500 „ 0*0970 

IV. 0*4000 „ 0*1540 
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Pound 

Calculated for { - A -\ 

C 6 H 12 0 6 ,2Ni0 + 3H.O. T II. ITT. IV 


c . 18-79 18 68 — — — 

H. 4-69 4-39 — — — 

m . 30*54 — 30*62 30 47 30*25 


The nickel dextrosate of the above composition is a pale-green, 
amorphous substance, insoluble in water and alcohol, but easily 
soluble in dilute acids. When boiled with water, it undergoes partial 
decomposition into dextrose and oxide of nickel, but it appears to be 
much more stable than the corresponding zinc compound. When 
heated, It commences to decompose at a temperature of about 100°, 
and on ignition leaves a residue of nickel oxide. 

Chromium Dextrosate. 

When a solution of chromic chloride is added gradually to a large 
excess of cold, strong aqueous ammonia, the precipitated hydrate 
partly redissolves, forming a more or less purple-coloured solution. 
If this liquid is added to a concentrated solution of dextrose in 90 
per cent, alcohol, a lilac-coloured, flocculent precipitate falls. 

As in the case of the nickel compound, the solution must be allowed 
to stand for a day or two, in order to ensure its complete separation. 
This substance was collected and thoroughly washed with alcohol. It 
■was partially dried in the air, and then dried to a constant weight in 
a vacuum over sulphuric acid. 

The analyses of different preparations of this substance showed 
that its composition varied with the conditions under which 
it was prepared, the strength of the alcoholic liquid gfter the addi¬ 
tion of the chromium solution appearing to exercise the greatest 
influence. 

Results of Analysts. 

I. 0-184 gram gave 0*112 gram CO* and 0*081 gram R 2 0. 

II. 0*3165 „ 0-200 „ 0-148 

IIL 0*200 „ 0*077 gram Cr 2 0* 

IV. 0*0925 „ 0 036 

Found. 

Calculated for c - 

C gHisOg, Cr 2 0 3 + 4H 2 0. I. II. III. IV. 

C. 17*77 16*63 17*25 — — 

H. 4-93 489 517 — — 

Cr. 25*92 — _ 26*42 26*70 

The numbers obtained on submitting to analysis a mixture of six 
separate preparations are those given in Analysis II, and the various 









WITH THE OXIDES OF NICKEL, CHROMIUM, AND IRON. 325 


analytical results, though not so concordant as might have been 
expected, point to the above formula as representing, at least approxi¬ 
mately, the composition of the compound in question. 

If an excess of dextrose be dissolved in a strong aqueous solution of 
chromic chloride, the hydrate of chromium, which is at first precipi¬ 
tated on the addition of ammonia, redissolves almost completely on 
standing for a short time. If the resulting claret-coloured liquid, 
after filtering from any undissolved hydrate of chromium, is poured 
into a large excess of 90 per cent, alcohol, the fiocculent chromium 
dextrosate is at once precipitated. 

By this method the compound may be more readily prepared, and 
in larger quantity, than by that first described, since the solubility 
of the chromic hydrate is increased by the presence of the dextrose. 

The following experiment was made in order to determine the 
effect of heat on the compound. 0*25 gram of the substance, dried 
as usual to a constant weight in a vacuum, was put into an air-bath 
at 80°. When the temperature had risen to 90° the compound had a 
green tinge, and when the temperature of 110° was reached, the origin¬ 
ally slate-coloured substance had become sage-green. On drying at 
this temperature for some hours, the weight finally became constant at 
0*206 gram, showing a loss of 17*6 per cent. On heating to a much 
higher temperature, the compound charred and underwent further 
decomposition. 

The chromium dextrosate above referred to is a slate-coloured, 
amorphous substance insoluble in water and alcohol, but soluble in 
acids. In the moist condition, when freshly prepared, it dissolves 
readily in water, and on boiling this solution, the chromic hydrate is 
precipitated. On boiling the dried substance with water, it und ergoes 
partial decomposition into dextrose and oxide of chromium, and on 
ignition, leaves a residue of chromic oxide. When heated, it burns 
with extreme readiness. If, for instance, some of the dry compound 
is placed in a small platinum dish, and momentary heat applied to 
one side of the dish, so as to heat only a small portion of the 
substance* incandescence spreads throughout the whole mass leaving 
a black residue of the metallic oxide mixed with unburnt carbon. 

Ferric Dextrosate. 

When ammonia is added to a solution of ferric chloride in which 
an excess of dextrose has been dissolved, a reddish precipitate forms, 
which redissolves on standing, giving a deep-red solution. If the 
excess of dextrose be sufficiently large, and if the ammonia he added 
slowly, the formation of a precipitate may he altogether prevented. 
When the red liquid thus obtained is poured into a large excess of 
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90 per cent, alcohol, a red, fiocculent precipitate immediately forms. 
This precipitate was collected, washed with alcohol, and dried to a 
constant weight in a vacuum as in the case of the other compounds. 

Results of Analysis. 

I. 0*495 gram gave 0*309 gram C0 2 and 0*162 gram H 2 0. 

II. 0-537 „ 0*326 „ 0*165 

JII. 0 250 „ 0*135 gram Fe 2 O s . 

IT. 0-319 „ 0*174 

Found. 

Calculated for ( - K --—^ 

2CgHi«Og,8Fe s O d -t BHjO. I. IT. III. I"V. 

0 . 16*10 16*95 16*55 — — 

H. 3*35 3 63 3*40 — — 

Fe . 37*58 — — 37*71 38*11 

The results obtained in the analysis of this compound point to 
slight variation in the composition of the various preparations, 
even when, to all appearance, precisely the same method was 
adopted. When the dried compound was heated in the air-bath 
at 80°, the colour changed from orange-red to dark-brown, and on 
heating for some hours at a temperature of 105°, it lost about 21 per 
cent, of its weight. 

The ferric dextrosate whose composition is represented by the 
above formula is an orange-red, amorphous substance. It will not 
dissolve either in water or in alcohol, but when first prepared and 
while still moist, it dissolves easily in water, giving a deep-red 
solution. On boiling this solution, the iron is precipitated, leaving 
the liquid colourless. Ammonia produces no precipitate when added 
to an aqueous solution of the iron dextrosate. Ammoninm sulphide, 
on the addition of the first drop, gives a brown coloration, and on 
adding more, the black sulphide of iron is formed, Potassic 
ferrocyanide and potassic thiocyanate produce no change, but if the 
compound be first decomposed by the addition of a few diops of 
hydrochloric acid, Prussian blue is at once obtained in the one case, 
and the red thiocyanate of iron in the other. On boiling the dried 
compound with water, it is partially decomposed, and on ignition, 
leaves a residue of feme oxide. 

When the dry substance is heated, incandescence spreads through¬ 
out the whole mass, just as in the case of the chromium compound 
before described. 
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XXXIX .—Action of Acetic Acid on Pitenylthiocarhiviide . 

By J. 0. Cain and J. B. Cohen, Ph.D., Owens College, Manchester. 

One of ns has shown (Trans., 1890, 57, 67) that the product of the 
action of phenylthiocarhimide on benzoic acid is benzanilide, and not 
dibenzanilid as stated by Losanitsch. A similar reaction between 
phenylthiocarhimide and glacial acetic acid has been studied by 
Hofmann ( Ber 3, 770), who states that diacetanilide is produced 
with evolution of hydrogen sulphide and carbon dioxide, according 
to the following equation:— 

CsH^CS + 2C a H 4 0* = C fl H 5 -N(C 2 H a O ) 2 + H a S + C0 2 . 

This experiment was repeated by Claus and Voltzkow (Ber., 14, 
445) and Gumpert (J. pr . Ghent. [ 2 ], 32, 294), who showed that 
acetanilide was the sole product formed. We have repeated 
Hofmann’s experiment with the object of determining, if possible, 
the course of a reaction which might proceed in several stages, thus : 

1 . 2C 6 H 6 -HCS + 4C 2 H 4 0 2 = (CeH 5 -NH) a CS + 2(C a H 3 0) 3 0 + 

H*S + C0 3 , 

2 . (QA"VH),0S + 2 CA 0 * = (C 6 H 5 -NH)*CO -r (CAO^O 

+ H s S. 

3. (CeH 5 -im) 2 CO + 2C 3 H 4 0 2 = 2C6H5-XH5S + C0 2 + (C 2 HaO) 3 0. 

The aniline formed in the last reaction would then be free to com¬ 
bine with acetic acid and thas yield acetanilide. 

It is obvious that a similar series of products might be formed by 
the action of water alone, with aniline as the final product. 

In order to prove whether the presence of small quantities of water 
in the acetic acid determined the direction of the reaction, we made 
two experiments according to Hofmann’s method, using, however, in 
the one case, glacial acetic acid, distilled after standing over phos¬ 
phorus pentoxide, and in the other, the ordinary strong acid. The 
amount of acetic acid taken was, in each case, slightly in excess of 
that calculated from the equation given by Hofmann. 

A third experiment was made at a temperature of 170° instead of 
a t 130 —140°. The first two experiments gave results which were 
identical. Besides hydrogen sulphide and carbon dioxide, two solid 
produpts were formed, which were readily separated by their different 
solubilities in alcohol. The one crystallised in plates melting at 
112 °, and proved to be acetanilide; the second, of which a smaller 
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quantity was present, crystallised in needles melting at 235°, and was 
diphenylcarbamide. An analysis of tlie latter gave the following 
result:— 

0 1805 gram substance gave 20*2 c.c. N at 774*6 mm. and 16°. 

N found 13*52 per cent.; calculated for (C 6 H 5 *NH) 2 CO, 13*21 per 
cent. 

The solid products of this reaction were free from sulphur, and 
therefore diphenylthiocarbamide was not formed. 

In the thiid experiment, acetanilide alone was produced. It 
appears, therefore, that the formation of diphenylcarbamide is 
dependent on the temperature. ¥e proved this to be the case; for 
when the experiment was repeated at the temperature of the steam - 
bath, continuing the heating for several days, a much larger quantity 
of the needles and a comparatively smaller quantity of the plates of 
acetanilide were found in the tube. 

A final determination conducted at a temperature of about 70° also 
yielded diphenylcarbamide. 

As water may be one of the substances formed in the reaction, 
more especially in the last stage when acetanilide is produced, it 
appeared of some interest to studv the action of water alone on 
phenylthiocarbimide. This reaction takes a somewhat different 
course, a fact which indicates that water plays, if any, a subordinate 
part in breaking down the molecule. 

In the experiment which is here given, the evolution of hydrogen 
sulphide and carbon dioxide was accompanied by the formation of 
diphenylthiocarbamide. 

5 grams of phenylthiocarbimide were heated with 1 gram of water 
in a sealed tube at 150° for 3^ hours. The resulting crystalline mass 
was purified and found to contain sulphur. On comparing its melt¬ 
ing point with that of diphenylthiocarbamide prepared from aniline 
and carbon bisulphide, the two compounds proved to be identical, both 
melting at 147*5°. The reaction takes place according to the following 
equation:— 

2C*MCS + 2H 2 0 = (C«H fi *NH) 2 CS + H s S + C0 2 . 

When diphenylthiocarbamide is in its turn heated with water under 
pressnre to a somewhat higher temperature, the product is aniline, 
1 he rate and extent of the reaction depending mainly on the tempera¬ 
ture to which the mixture is heated. 5 grams of diphenylthio¬ 
carbamide were heated with an equal weight of water fox* 6—7 
hours at 150 c ; but very little action took place. When, however, 
the temperature was raised to 170°, the whole of the thiocarbamide 
was converted into aniliue, and hydrogen sulphide was evolved on 
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opening the tube. When diphenylthioearbamide is heated with an 
amount of water sufficient to combine with the sulphur alone under 
the above conditions, a portion only of the substance is converted 
into aniline, the remainder being unchanged. 

When dilute acetic acid was substituted for water, aniline was also 
formed. In no case was the presence of diphenj lcarbamide detected. 

If, however, diphenylthiocarbamide be heated with glacial acetic 
acid, diphenylcarbamide is produced. 5 grams of the thiocarbamide 
were heated with about 1 gram of acetic acid, dehydrated over phos¬ 
phorus pentoxide, at a temperature of 130—140° for 3—4 hours. 
On crystallising the product from alcohol, needles of diphenyleaib- 
amide melting at 23-5° were obtained. 

From tho above experiments, it appears very probable that the 
changes which occur on heating together phenylihiocarbimide and 
acetic acid are independent of the presence of water, and take place in 
two stages according to the following equations :— 

L. 2C B H 0 -]SrCS + 6C 2 H 4 0 3 = (C 6 H 0 -]SrH) 2 CO + 3(0 2 H,0J.O + 

2H 2 S + C0 3 . 

2. (C t ,H o *XH) 3 C0 + 2C,H*0 3 = 2C 6 H 0 -XH 3 + C0 3 + (OAO) a O. 

We are at present engaged in the study of the bi-acid derivatives 
of the aromatic bases, which appear not to have been prepared. 


XL .—Ethyl Thiacetoacctate. 

By Charles T. Sp.r4.gub, B.Sc., Ph.D. 


Ethyl thiacetoacetate was discovered by the late Professor Hubner, 
of Gottingen, when investigating the action of chloride of sulphur on 
the sodium salt of ethyl acetoacetate. His death occurring shortly 
after this discovery, the investigation was continued by Buchka (Per., 
18, 209), w T ho found that, in this reaction, a substance Ci 2 Hi 8 0 6 S 
was formed, along with sodium chloride and sulphur:— 

20H/CO-CHXa-G000 3 H 6 + S 3 C1 3 = C 12 H 18 0 6 S + S + SHTaCl. 


Buchka named this substance *“ acetoacetic estersulphide,” and pro¬ 
posed the following constitution for it:— 


C^)O0> GK ‘ & ' G1Z< <!OOGA * 
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Later on Deliole (Ben, 20, 2008) obtained the same substance by 
treating ethyl acetoacetate with snlphnr dichloride, as follows:— 

20^00, + SCI, = C 1s H 19 0 8 S + 2HC1. 

Since he, like Buchka, found that it evolved hydrogen sulphide 
on treatment with reducing agents, he proposed for it the con¬ 
stitution 

C^,OOC-CH^ >C ' 0 ’ S '°' C '^CH-COOC,H 5 ‘ 

The object of my research was to study the properties and reactions 
of this compound, and. if possible, to decide between the above con¬ 
stitutional formulae. During my investigations, Schonbrodt published 
an account of a research (Annalen , 253,168), in the course of which 
he obtained ethyl thiacetoacetate by the action of sulphur on the 
copper salt of ethyl acetoacetate in benzene solution, as follows :— 

CuHigOgOu -b Sg — CuiHigOjS -b OuS. 

Schonbrodt confirmed the empirical formula Ci2H 18 0 6 S, and 
attempted to prove the constitution of the substance. 

According to him, on saponifying ethyl thiacetoacetate with caustic 
potash, thiodiglycollic acid is formed in the following manner:— 

+ 4K0H = 2CHi*C00K + 

on tt .nrr , a^CH^COOK 

2C,H 5 -OH + S< CH!( . C00K . 

The above reaction seems to be a decisive proof of the constitution 
of the compound, but, unfortunately, on a careful repetition of 
Schonbrodt’s experiment, 1 was only able to obtain a minute trace of 
substance quite insufficient for analysis. Buchka and Pampel (Ber., 
22, 2546) obtained the sodium salt of ethyl thiacetoacetate by acting 
on an ethereal solution of it with sodium. This salt has the com¬ 
position CjjjHieOeSNaj, a proof that two acid hydrogen atoms are con¬ 
tained in the molecule of ethyl thiacetoacetate. Recently Michaelis 
and Phillips (Ber., 23, 550) obtained ethyl thiacetoacetate on 
treating ethyl acetoacetate with thionyl chloride. In this reaction 
the thionyl chloride is decomposed into sulphur dichloride and 
sulphuryl chloride, which makes the formation of ethyl thiaceto¬ 
acetate intelligible— 

2SO01 a = SOI, -b S0*C1 2 . 

Although the constitution of ethyl thiacetoacetate appeared suffi¬ 
ciently cleared up by the various syntheses and by Schonbrodt’s 
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saponification above mentioned, it seemed worth while to investigate 
it further, and to find other proofs of its constitution, since I had 
been unable to confirm Schonbrodt’s analytical proof. 

To this end, the best method of preparing ethyl thiacetoacetafee was 
first studied, its physical properties were determined, and, finally, its 
behaviour towards the hydrazines was examined. In the reactions 
with hydrazines, a number of pyrazolone derivatives were obtained 
which are closely related to substances obtained by Knorr, the forma¬ 
tion of which, as will be shown, affords new proofs of the constitution 
of ethyl thiacetoacetate. 

Preparation of Ethyl Thiacetoacetate, 

Ethyl acetoacetate is diluted with half its volume of chloroform, 
and the calculated quantity of sulphur dichloride dropped slowly 
into the mixture, which is well cooled and continuously stirred. The 
product is then allowed to remain until the evolutu n of hydrogen 
chloride has moderated; 82*3 grams of ethyl acetoacetate and 
32*6 grams of sulphur dichloride yielded 58*8 grams of crude 
material, or 64 per cent, of the theoretical. For most purposes, ethyl 
thiacetoacetate can be obtained sufficiently pure if the crystals are 
collected and washed with a little cold ether. To obtain it pure, it 
must be crystallised from benzene, alcohol, or chloroform. 

Different authors give very varying temperatures for the melting 
point of ethyl thiacetoacetate, so that it was necessary to redetermine 
the melting point carefully. According to Buchka, it melts at 81°. 
Deliole, however, was unable to assign a definite melting point for the 
substance crystallised out of alcohol, as he found that the crystals 
became soft at 75° and melted at 90—91°. Deliole gives the melting 
point 83—84° for crystals obtained from a solution in benzene. 
Schonbrodt assigns the melting point of 90° to ethyl thiacetoacetate; 
Michaelis and Philips, 100—101°. At first, I found very varying 
melting points for the crystals from a benzene solution, 92 % 99°, and 
106°, and for the substance crystallised out of alcohol 82°. On 
repeating these experiments, heating the substance slowly in a water- 
bath which was continuously stirred, I found that ethyl thiaceto¬ 
acetate three times crystallised out of alcohol melted at 75—76°, four 
times recrystallised at 79°; from a solution in benzene 75—78 J , 
recrystallised from benzene 75—77°, crystallised out of glacial acetic 
acid 76°. If ethyl thiacetoacetate is heated slowly, it melts com¬ 
pletely between 75° and 78°. 

The Molecular Weight of Ethyl Thiacetoacetate . 

The molecular weight of this substance was determined by Baonlt’s 
method. Grlacial acetic acid was the solvent employed. 
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1. 1-4982 grams of ethyl thiacetoacetate was dissolved in 104T 
grains of glacial acetic acid of 16*105° melting point. The 
observed depression of the melting point was 0 215°, corre¬ 
sponding to a molecular weight of 261. 

II. 2*0089 giams of substance dissolved in 109*5 grams of glacial 
acetic acid of 16*18° melting point caused a depression ot 
0*285% corresponding to the molecular weight 251. 

Experiment. 

t K \ 

Theory. I. II. 

290 261 251 

Action of the Hydrazines on Ethyl Thiacetoacetate . 

To determine whether ethyl thiacetoacetate behaved as a ketone, it 
was treated with phenylhydrazine, so as to be able to decide between 
the two constitutional formal© previously mentioned (pp. 329, 330). 
The two react very readily, and when mixed in the proportion of 1 mol. 
ethyl thiacetoacetate to 2 niols. phenylhydrazine, give rise to the 
formation of four solid substances. The compounds produced are— 

1. Thiophenylmethylpyrazolone. 

2. Knorr’s phenylmethylpyrazoloneazobenzene, or phenylm ethyl- 

pyrazoloneketophenylhydrazone (Annalen, 238, 183 and 197). 

3. A substance of the empirical formula C10H9N2SO. 

4. Knorr’s bisphenylmethylpyrazolone ( [he . cit., 167). 

The end-product of the reaction is largely dependent on the condi¬ 
tions under which the experiment is carried out. 

The first product of the reaction is the substance which I name 
th iophenylmethylpyrazolone . 

Preparation. —5 grams of ethyl thiacetoacetate are dissolved in 
90 grams of glacial acetic acid, well cooled, and then to this is added, 
drop by drop, a solution of 3 7 grams of phenylhydrazine in 30 grams 
of glacial acetic acid. The mixture, if allowed to remain at the 
ordinary temperature, turns reddish-brown, and, after some hours, 
yellowish crystals of the acetate are formed (J5er., 23 , 2476); the 
yield is 8*8 grams. The substance can be purified by crystallisation 
from alcohol, to which some strong hydrochloric acid is added to 
convert it into the hydrochloride, which forms beautiful, colourless 
crystals. 

The substance for analysis was prepared by dissolving the hydro¬ 
chloride in ammonia and precipitating the base with dilute aoetic 
acid. In this way, it is obtained as a white, amorphous powder; it 
was collected on a filter, washed, dried first on a porous plate, then 
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at 100°, and finally ciystallised out of benzene or acetone. As in 
both cases the thiophenylmethylpyrazolone crystallises out with ben¬ 
zene or acetone of crystallisation, the crystals were heated at 110° in 
a stream of carbonic acid until the weight was constant, as they seem 
lo suffer oxidation on heating in the air. 

Analyses gave the following results:— 

I. 0*2332 gram substance gave 0*5417 gram CO^ and 0*1015 
gram H 2 0. 

II. 0 24*29 gram substance gave 0*5634 gram OO a and 01065 
gram H 2 0. 

III. 0*2127 gram substance gave 27*1 c.c. moist nitrogen at 10’ 

and 752 mm. 

IV. 0*1995 gram substance gave 0*1243 gram BaSO*. 

V 0*1996 gram substance gave 0*1225 gram BaSCh. 


Experiment. 

f - A - N Theory for 

I. II. C 20 H lb N 4 SO>. 

C. 63*33 63*27 63*44 per cent. 

H. 4*85 4*88 4*77 

N. 15*09 — 14*85 

S . 8*56 8*44 8*48 


The formation of thiophenylmethylpyrazolone is as follows:— 
1 mol. of ethyl thiacetoacetate reacts with 2 mols. of phenylhydrazine 
with formation of water, alcohol, and a sulphur derivative of fCnorr’b 
phenylmethylpyrazolone. 


CH^CO. ^CH 8 -CO 

C 2 H B OOC >CHb OH< 0000 2 E 5 


+ 2C 6 H 6 *NH*NH 2 = 


ST*C 6 H s 

CHi'C—OH—S- 


N’CsHs 

0(5|r 

-HC—O-UH, 


+ 2H*0 + 2GjH s , OH. 


This reaction is therefore completely analogous to the formation of 
phenylmethylpyrazolone from ethyl acetoacetate and phenylhydrazine 
(Anmlen, 238,147; Ber., 17, 203:1). 

N-C.H # 

CF/CO-CHg-COOCjHj + C,H,-FH-3SfH s = + 

OHj'C—OH* 


HgO + C,H o -0H. 
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Action of Sulphur Dichloride on Thenyhnethylpyrazolone. 

The above explanation of the reaction between phenylhydrazine 
and ethyl thiacetoacetate is confirmed by the circumstance that thio- 
phenylmethylpyrazolone hydrochloride is formed when phenylmethyl- 
pyrazolone is treated with dichloride of sulphur. To prepare thio- 
phenylmethylpyrazolone in this manner, 5 grams of phenylmethjl- 
pyrazolone are dissolved in just enough chloroform to prevent it 
crystallising out on cooling, and to this solution is added, drop by 
drop, 1*5 grams of sulphur dichloride, the mixture being kept cool 
until all the sulphur chloride has been added. On standing for a few 
hours, beautiful crystals of the hydrochloride crystallise out. To 
hasten the reaction, the mixture may be warmed gently on the water- 
bath, after it has stood for an hour. The crystals are collected and 
crystallised out of alcohol, in which they are moderately soluble; 
they contain alcohol of crystallisation, which seems to be firmly 
bound. The powdered crystals were left over sulphuric acid for a 
fortnight and then analysed. 

0*2112 gram substance gave 0*1102 gram BaS0 4 . 

0*1877 gram substance gave 0*0590 gram AgOl. 

Theory for 

Experiment. C 20 K 18 I$r 4 SO 2 ,HOl + CjHyOH. 


S. 7*17 6*96 

Cl. 7*77 7*70 


The hydrochloride was converted into the free base in the manner 
already described, by dissolving it in ammonia and precipitating 
with dilute acetic acid, collecting it, washing, drying, and crystallis¬ 
ing ont of benzene. The crystals were powdered and heated in 
carbonic acid until the weight was constant, and then analysed. 

0*2326 gram substance gave 0*5419 gram CO* and 0*1017 gram 
H s O. 

0*2927 gram snbstance gave 36 c.o. moist nitrogen at 9° and 
758 mm. pressure. 

0*2476 gram substance gave 30*2 c.c. moist nitrogen at 7° and 
763 mm. pressure. 

0*1886 gram substance gave 0*1200 gram BaSO*. 

0*1909 gram substance gave 0*1190 gram BaSO*. 


Experiment. 


1* 11- OooH^SOs. 

C. 63-54 — 63*44 per cent. 

H. 4-87 — 4-77 

W. 14-75 14-88 14-85 „ 

S . 8-75 8-57 8-48 
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The analyses and the properties of this substance prove its identity 
with the compound obtained from ethyl thiacetoacetate and phenyl- 
hydrazine. Both substances decompose at the same temperature, 
182—183°, show the same solubility, and give the same reactions. 
The formation of thiophenylmethylpyrazolone from sulphur dichloride 
and phenylmethylpyrazolone is given by the following equation:— 


3ST-C 6 H 5 

IT 9° + ci—s—oi + 

CHj-C—CHi 


‘HjC—C-CH s 


n-c 8 h 5 *r-c,H s 

5 aS a wA 0 rcrx + 2HC1. 
CH 3 *C — CH —S— HO—C*CH 3 


Properties of Thiophenylmethylpyrazolone. 

Thiophenylmethylpyrazolone is characterised by its great power of 
crystallisation. It crystallises well from its solutions in alcohol, 
methyl alcohol, benzene, and acetone, and forms, in each case, a mole¬ 
cular compound with the solvent. The amorphous substance is more 
readily soluble than the crystals which are combined with a solvent. 
This is best seen when methyl alcohol is employed as the solvent; 
the amorphous substance dissolves readily, but in a very short time 
beautiful crystals form- Attempts to determine the amount of methyl 
alcohol, <&c., in union with the substance gave only approximate 
results, as thiophenylmethylpyrazolone apparently loses the mole- 
cularly bound solvents easily, on exposure to the air. 

0 3175 gram of crystals from an acetone solution lost 0*0393 gram 
at 110°, in an atmosphere of carbonic acid = 12*38 per cent. 

The formula C^HisNaSOs + 0 3 H 6 0 requires 13*3 per cent, acetone 
of crystallisation. 

0*2973 gram crystallised out of methyl alcohol lost 0*0201 gram in 
weight at 110°, in an atmosphere of carbonic acid = 6*76 per cent. 

The formula CaoHjgN^SOa + CH*0 requires 7*81 per cent, methyl 
alcohol of crystallisation. 

Thiophenylmethylpyrazolone is very little soluble in benzene. It 
is easily soluble in alkalis, forming colourless solutions, and is pre¬ 
cipitated unchanged from these solutions by weak acids. In ammonia 
and baryta-water it dissolves with a yellow colour. Thiophenyl- 
methylpyrazolone is a feeble base, and only forms salts with strong 
acids. It is easily soluble in concentrated sulphuric acid. On gently 
warming a mixture of thiophenylmethylpyrazolone (1 mol.) with 
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(1 mol.) phenylbydrazine in chloroform solution, it yields the three 
other above-mentioned products of the reaction between ethyl 
thiacetoacetate and phenylhydrazine, namely, phenylmethylpyr- 
azoloneazobenzene, the substance CioHgN^SO, and bisphenylm ethyl- 
pyrazolone. The mixture was heated until all the chloroform had 
evaporated, and then left a short time longer on the water-bath. 
When heated with excess of phenylhydrazine without a diluent, thio- 
phenylmethyJpyrazolone only forms phenylmethylpyrazoloneazobenz- 
ene and bisphenylmethylpyrazolone. In the above-mentioned paper 
by Michaelis and Philips, thesef authois describe a colourless sub¬ 
stance which they obtained by the condensation of ethyl thiaceto¬ 
acetate with phenylhydrazine in a solution of glacial acetic acid. 
Analyses of this substance, purified by crystallisation from alcohol, 
led them to the formula C. 0 H 22 O 4 N 4 S. 

Experiment. Theory. 


N . 13*30 13*50 per cent. 

S... 7*74 7*73 „ 

0. 58*15 57*97 

H. 5*55 5*31 


Michaelis and Philips suggest, with reserve, the constitution 
CH 8 -00. OT «. rH ^CO-CH 3 

for this substance, according to which view it is a hydrazide of the 
unknown thiacetoacetic acid. It decomposes at 185°, is sparingly 
soluble iu alcohol and glacial acetic acid, and on heating with phenol- 
hydrazine gives ELnorr’s phenylmethylpyrazoloneazobenzeue and 
hydrogen sulphide. From the method of formation of this substance, 
and its properties, it is obvious that it is thioplmiylmethylpyrazolouc, 
the circumstance that Michaelis and Philips found different analytical 
data being due to the fact that they overlooked the alcohol of crystal¬ 
lisation. 

The Second Product of the Reaction > Know's Fhenyhnethylpyrazolone- 
azobenzene (Annalen , 238, 183 and 197). 

To prepare this substance, a mixture of 1 mol. of ethyl thiaceto¬ 
acetate with 4 mols. of phenylhydrazine is heated without a diluent 
at a temperature of 100 ° until the evolution of hydrogen sulphide 
ceases. It is a good plan to carry out this reaction in an atmosphere 
of carbonic acid, so as to prevent oxidation of the phenylhydrazine. 
Under the above conditions, a red hydrazone is almost the sole pro¬ 
duct of the reaction, a little bisphenylmethylpyrazolone being formed 
at the same time. The red substance, after purification by crystalli- 
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sation from alcohol, melted at 156°. It is soluble in chloroform, 
benzene, alcohol, ether, and glacial acetic acid. 

Analyses gave the following data:— 

I. 0*2670 gram substance gave 0*6808 gram C0 3 and 0*1466 
gram H 2 0. 

II. 0*2410 gram substance gave 0*6128 gram C0 2 and 0*1175 
gram H s O. 

III. 0*1718 gram substance gave 30*2 c.c. moist nitrogen at 8® 

and 742 mm. pressure. 

IV. 0*2491 gram substance gave 44*7 c.c. moist nitrogen at 21° 

and 745 mm. pressure. 

V, 0*1361 gram substance gave 25*1 c.c. moist nitrogen at 19° 
and 751 mm. pressure. 


Experiment. 


t -*-i 

I. II. III. IV. V. 

C. 69*54 69*34 — — — 

H. 610 5*41 — — — 

N. — — 20*72 20*01 20*94 


TLeory for 
C 16 H 14 3T 4 0. 
69*01 p. c. 
5*04 ., 
20*14 „ 


It is identical, therefore, with Knorr’s phenylmethylpyrazoloneazo- 
benzene. 

The formation of this substance from ethyl thiacetoacetate may be 
explained as follows. In the first place, 1 mol. of ethyl thiacetoacetate 
reacts with 2 mols. of phenylhydrazine, forming thiophenylmethyl- 
pyrazolone, which with 2 mols. more phenylhydrazine gives rise to the 
following reaction:— 


W-C e H 5 N-C 6 H 5 

A° °A 

CH,-C—OH—S—HO—C-CH» 


+ 20.H 6 -NH'NH s = 


N-CeH, , 

2 /V 

OHs-O—OIKT-NH-CeHs 


-J- H 3 S 4" 2Hj» 


The hydrogen sulphide was recognised by means of lead acetate 
paper. The nascent hydrogen reduces a part of the phenylhydrazine 
to aniline and ammonia. 


The Third Product of the Reaction , CiqHJN 8 SO. 

To prepare this, ethyl thiacetoacetate is mixed with phenylhydrazine 
in the ratio of 1 to 2 mols., and the mixture heated at 100 until the 
whole mass solidifies. The yield depends on the conditions under 
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which the reaction is carried out; a high temperature is to be avoided. 
The substance is practically insoluble in all the usual solvents, but is 
easily soluble in alkalis, ammonia, and the hydrates of the alkaline 
earths. It was purified for analysis by repeated extraction with 
alcohol, then dissolved in ammonia, the ammoniacal solution filtered, 
and the substance precipitated by means of dilute acetic acid. The 
yellowish, amorphous substance was filtered, washed, and dried at 
100°. 

Analyses gave the following results:— 

I. 0*1833 gram substance gave 0*3950 gram C0 2 and 0*773 
gram H s O. 

II. 0*1765 gram substance gave 0*3777 gram C0 2 and 0*0731 
gram H a O. 

III. 0 1766 gram substance gave 21*7 o.c. moist nitrogen at 22° 
and 752 mm. pressure. 

IY. 0*1628 gram substance gave 19*7 c.e. moist nitrogen at 25° 
and 756 mm. pressure. 

V. 0*2183 gram substance gave 0*2612 gram BaSO*. 

VI. 0*2011 gram substance gave 0*2432 gram BaSO*. 


T. IL III. IV. V. YE. 

C . 58*75 58*34 — — — — p. c. 

H. 4*69 4*61 — — — — „ 

N. — — 13*77 13*43 — — „ 

S. — — — — 16*44 16*62 „ 


1 attributed to this substance the formula CiqHsN^SO, which re¬ 
quires 

C. 58*77 per cent. 

H. 3*93 

1ST. 13*76 

S-..;. 35-70 „ 

but, since my research, Holtzcke, who has further investigated this 
substance, has shown that it is the bisulphide of phenylmethyl- 
pyrazolone, which requires 


C 

H 

N 

S 


58 49 per cent. 


4*40 


59 


13-69 

15-63 


59 

99 


Holtzcke obtained it by the action of chloride of sulphur on a solu¬ 
tion of phenylmethylpyrazolone in chloroform. 

The reaction is as follows:— 
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N-O.H, 

t/^CO , _ „ 

onJUm. + Bfikm 


n-c 6 h 5 

if\o 


N-cja, 

/\ 

oo IT 


CH 3 -0—CH—S—R—HC—C-CHa + 2HUL 


When treated-with phenylhydrazine, the bisulphide is converted 
into Knorr’s phenylmethylpyrazoloneazobenzene and bisphenyl- 
methylpyrazolone, hydrogen sulphide being also formed. By means 
of the above reaction it is possible to fibtain mixed hydrazones of the 
pyrazole series by acting on the bisulphide with other hydrazines. 
a-Naphthylhydrazine, for instance, forms a brown-red compound 
which melts at 199 5°. 

The bisulphide is soluble in boiling aniline, and is thereby con¬ 
verted into a colourless substance sparingly soluble in alcohol; it de¬ 
composes without melting, and gives the pyrazole-blue reaction. The 
substance is accordingly bisphenylmethylpyrazolone. 


The Fourth Product of the Reaction , Knorr's Bisphenylmethyl¬ 
pyrazolone (Annalen, 238, 167). 

This substance and phenylmethylpyrazoloneazobenzene are the 
final solid products of the reaction between ethyl thiacetoacetate and 
phenylhydrazine It was identified by means of Knorr’s pyrazole- 
blue reaction, for on dissolvmg it in alkali and adding potassium 
nitrite, the mixture gave a dark-blue substance when poured into 
dilute sulphuric acid; this was soluble in chloroform, yielding a deep 
blue solution. 

The behaviour of ethyl thiacetoacetate towards other hydrazines is 
completely analogous to that with phenylhydrazine. 


Condensation Products of Ethyl Thiacetoacetate with Paratolyl - 
hydrazine . 

"Four products were also formed in this reaction, viz.:— 

1. A colourless substance soluble in alcohol. 

2. A red hydrazone, paratolylmethylpyrazoloneketoparatolylhydr- 
azone. 

3. A substance containing sulphur, insoluble in alcohol. 

4. A substance free from sulphur, insoluble in alcohol, bisparatolyl- 
methylpyrazolone. 

The first-mentioned substance was not analysed, but from analogy 
it is to be regarded as thioparatolylmethylpyrazolone. 
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Pai'atolyhnethylpyrazolon el'etoparatohjlhydrazone. 

To obtain the best yield of this substance, 1 mol. of ethyl 
tbiacetoacetate is mixed with 4 mols. of pamtolylhydrazine and the 
mixture heated at 120° to 150° in a stream of carbonic acid until the 
evolution of gas ceases. 1*7 grams of ethyl tbiacetoacetate and 
2*8 grams of paratolylhydrazine yielded 0*4 gram of substance; 
this -was extracted from the product of the reaction by means of 
chloroform, the solution filtered, evaporated to a small bulk, and the 
hydrazone precipitated by the addition of 90 per cent, alcohol. 

By dissolving the substance in a little chloroform and precipitating 
it with alcohol, it may be*easily obtained pure. It melts at 
216—217°. The analyses prove that the substance is paratolyl- 
methylpyrazoloneketoparatolylbydrazone, 

N-CeBVCH* 

/\ 

¥\ 9 ° 

CHfC—CIN-NH-CcHi-CHs 

I. 0*1755 gram substance gave 0*4537 gram CO» and 0*0945 
gram H 2 0. 

II. 0*1258 gram substance gave 21*1 c.c. moist nitrogen at 21° 
and 750 mm. pressure. 

III. 0*1992 gram substance gave 33*5 c.c. moist nitrogen at 24° 
and 749 mm. pressure. 


Experiment. 


C. 70*48 — — 70*53 p. c. 

H. 5*99 — — 5*89 „ 

N. — 18*84 18 58 18*34 „ 


This substance, unlike the corresponding phenyl componnd, is but 
sparingly soluble in alcohol, ether, and alkalis. It is easily soluble in 
chloroform, from which it crystallises in beautiful needles. 

The Third Product of the Reaction , the Substance containing Sulphur 
and insoluble in Alcohol . 

6*4 grains of ethyl rbiacetacetate (1 mol.) were heated with 
5*2 grams of paratolylhydrazine at 120° tor two honrs, and gave 
4*8 grains of the substance. I attempted to purify it by extraction 
with chloroform and alcohol as well as by dissolving it in alkali and 
precipitating with dilute acetic acid, but the analysis did not give 
satisfactory results* 
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The product is soluble in alkali and ammonia with formation of 
yellow solutions, from which it is precipitated unchanged by the 
addition of an acid. A solution of the substance in alkali gives no 
pyrazole-blue reaction with nitrous acid, but is precipitated appa¬ 
rently unchanged. 

The following reaction shows lhat it is analogous to dithio- 
phenylmethylpyrazolone; when heated with phenylhydrazine, it 
evolves hydrogen sulphide, and a red hydrazone, namely, paratolvl- 
methylpyrazoloneketophenylhvdrazone, is produced, 

N-CeHVCHjp 

/\ 

¥ ?° 

CHj-cj— c:n-fh-o„h 5 


To obtain the latter, the insoluble sulphur compound was heated 
with excess of phenylhydrazine at 120—150° until there was no 
longer any evolution of gas ; the excess of phenylhydrazine was then 
removed by boiling the product with dilute hydrochloric acid and 
washing w ith hot water; the red residue was dissolved in a little 
chloroform, the solution filtered off from the insoluble bisparatolyl- 
methylpvrazolbne which is al&o formed in the reaction, and the filtrate 
mixed with excess of 90 per cent, alcohol and well stirred. In this 
way, nearly the whole of the hydrazone is precipitated in the ciys- 
talline state, and can be easily obtained pnre byredissolving in chloro¬ 
form and precipitating with alcohol. The crystals are of a beautiful 
scarlet colour and melt at 187°. 


01275 gram substance gave 20*5 c.c. moist nitrogen at 11° and 
759 mm. pressure. 


Theory for 

Experiment, C 17 H 16 N 4 0. 

"N . 19*15 19*22 per cent. 


It is sparingly soluble in alcohol, hut easily in chloroform. 


Bisparalolylmethylpyrazolone. 

2*5 grams of ethyl thiacetoacetate and 4*2 grams of paratolyl- 
hydrazine were heated at 120—280° in a stream of carbonic acid for 
about two hours. On extracting the product of the reaction with 
chloroform, 2*2 grams of a yellowish-white substance remained un- 
di&solved; this was purified by boiling, at first with chloroform and 
alcohol, then with carbon bisulphide, collecting the residue, washing 
well with absolute alcohol, and dissolving it in dilute caustic potash. 
The solution was now filtered, the substance precipitated with dilute 
hydrochloric acid, and the precipitate, after being collected, washed 
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with water, and dried at 100°, was submitted to analysis, with the 
following results* 

I. 0*1990 gram substance gave 0*5169 gram CO s and 0*1110 
gram H 2 0. 

II. 0*2019 gram substance gave 28 c.c. moist nitrogen at 21“ 
and 741 mm. pressure. 


Experiment. 




ii 

Theory for 

CjgHgjN^Ojj. 

0. 

.... 70-85 

— 

70 - 53 per cent. 

H .... 

.... 621 

— 

5-89 

H .... 

• • , • * —- 

15*38 

15-01 


If this substance is dissolved in alkali, and potassium nitrite added 
to the solution and the mixture poured into dilute sulphuric acid, a 
blue substance is precipitated which is soluble in chloroform, and 
which is probably a dimethylpyrazole blue, 


TCH 4 -Cff 3 p 

rTr f)P _° 

CHa'C— 0 . ■ 


/\ 



Its formation is completely analogous to that of pyrazole blue from 
bispbenylmethylpyrazolone. Bisparatoljlmethylpyrazolone is in¬ 
soluble in all neutral solvents, but is readily soluble in alkalis, less 
so in ammonia. Like bisphenylmethylpyrazolone, it is not changed 
by heating with phenylhydrazine. From the above, it is clear that 
ethyl thiacetoacetate reacts with paratolylhydrazine in a manner 
entirely analogous to its behaviour with phenylhydrazine. The only 
difference in the reaction is that the hydrazone in this case is formed 
in I’elatively smaller quantity, and bisparatolylmethylpyrazolonc in 
relatively larger quantity, than the corresponding phenylhydrazine 
derivatives. 


o^NapMliylmetTiylfflrazoloneketo-a-napWiylhydrazone. 

Of the condensation products of a-naphthy 1 bydrazine and ethyl 
thiacetoacetate, only the above substance was prepared and examined* 
It has the constitution 

K-CioH,* 

A° 

CH s -0— Oasr-ITH-0 M H-a 

Preparation .—29 grams of ethyl thiacetoacetate (1 mol.) and 
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6 3 grams of a-naphthylhydrazine wore heated for three hours at 
120° in an atmosphere of carbonic acid. A considerable quantity of 
a rod substance was foimed, which was purified by dissolving in 
chloroform, filtering, and precipitating with alcohol. The pure sub¬ 
stance molted at 220°, and gave the following data on analysis:— 

I. 0*1955 gram substance gave 0-5458 gram 00 2 and 0*0886 gram 
H a O. 

II. 0*1959 gram substance gave 24*5 c.c. moist nitrogen at 11° and 
762 mm. pressure. 


Experiment. 




IL 

Theory for 
CaiH lg N 4 0. 

c . 

... 76*14 

— 

76-15 per cent. 

H. 

... 5*04 

— 

4-77 „ 

N. 

— 

14*95 

14-84 


This substance is very little soluble in alcohol, but, like the 
analogous compounds, easily in chloroform. 


Summary of Results, 


The reaction of the hydrazines on ethyl thiacetoacetate takes place 
in three stages:— 

1. In the first instance, a pyrazolone sulphide is formed from 
2 mols. of a hydrazine and 1 mol. of ethyl thiacetoacetate. 

2. These sulphides are, however, decomposed by excess of phenyl- 
hydrazine into insoluble pyrazolone bisulphides, and into bisphenyl- 
methylpyrazolone or one of its homologuos. 

3. The pyrazolone bisulphides finally react with hydrazines with 
formation of hydrogen sulphide and hydrazones of the pyrazole series, 
and by means of this reaction mixed hydrazones .can be obtained. 
From the above, it is clear that ethyl thiacetoacetate behaves towards 
phenylhydrazine in the same manner as ethyl acotoacetate, which fact 
affords further proof that the constitution of ethyl thiacetoacetato is 


C4H*000> CH s OH <COOC s U fi 


In the case of ethyl thiacetoacetate the reaction is more com¬ 
plicated, since the entrance of the sulphur atom into the methylene 
group diminishes its stability, and also since excess of a hydrazine 
easily removes the snlpliur atom as hydrogen sulphide, thus giving 
rise to the formation of complicated pyrazolone derivatives. 

In conclusion, I have to express my best thanks to Professor von 
Buchka for the valuable assistance he rendered me during this 
investigation. 

VOL. lix. 2 c 
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XLI.— On the Osmotic Pressuies of Salts in Solutim . 

By R. H. Ajdie, M.A., Trinity College, Cambridge. 

In a paper in tbe Zeit. physikal . Ghem 1, 481, Yan’t Hoff discusses 
the analogy between the osmotic pressure of a salt in solution and 
tbe pressure exerted by a gas on the walls of its containing vessel. 

Tbe numbers upon which he bases the verification of bis calcula¬ 
tions were obtained by Pfeffer, in bis Osmotische TJntersuchungen 
(Leipzig, 1877), and only embrace the figures for a few salts, viz., 
potassium nitrate, potassium tartrate, and for tbe complex organic 
substances cane sugar, and gum arabic. These were the only indepen¬ 
dent measurements of osmotic pressures in absolute units, until A. 
Ladenbnrg published (Ber., 22,1225) a few numbers for the osmotic 
pressures of solutions of dextrose, resorcinol, cane sugar, and ‘* saccha¬ 
rin/’ 

It is not easy to get actual measurements of osmotic pressures, but 
a number of comparisons of the osmotic pressures of different salts 
in solution were made by De Vries (Pringshiim's JaTvrh ., 14; Zeit. 
physikal. Chem ., 2, 415; 3, 103), who found the concentrations 
of isotonic solutions of these salts, by means of the exosmotic con¬ 
tractions which they bring about in the protoplasmic lining mem¬ 
brane of living cells. 

In very dilute solutions, the substances examined appeared to obey 
the laws of Boyle, Gay-Lussac, and Avogadro, but in the case of 
strong solutions, the deviations were considerable. 

At the suggestion of Professor J. J. Thomson, I took in hand the 
direct measurement of osmotic pressures by Pfeifer’s method, but the 
length of time required by each experiment renders tho accumula¬ 
tion of results very slow. 

The method consists in depositing a membrane in tho substance of 
a porous pot, which membrane must be continuous, and coarse¬ 
grained enough to allow the passage of water molecules through its 
interstices, but sufficiently fine-grained to prevent the passage of salt 
molecules, or the compound molecules of a salt, and water; a salt 
solution placed within such a pot gets up a pressure when placed iu 
pure water. I have tried iu various ways to fom a membrane 
capable of withstanding a pressure of 3—4 atmos. without giving 
way, and have finally returned to the simple form of apparatus which 
is diawn iu section in Fig. 1. 

It consists of a porous pot, B, in which, the membrane is deposited, 
connected with a simple manometer gauge, AC, which is <wnri.»o tod 
with B by means of the glass adapter E. 
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I describe the parts in detail, as they are the product of consider¬ 
able experimental work. 


Fie. la. Fie 1. 



The Pets. 

The only porous pots found to give any consistent results are 
specially made of biscuit porcelain, 3 inches long, 1 inch external 
diameter, and -j^-inch substance. Into the open end, a tightly fitting 
glass tube E (Fig, 1), drawn off at one end, is insetted and fixed for a 
length of about 1 inch, by sealing wax. No wax is put on the out* 
side, for experience shows that, in this case, the membrane is formed 
irregularly between the two layers of wax. This is shown by Fig. 2, 

2 c 2 
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which is a section of the wall of such a pot. As the membrane 
generally gives way at the top (perhaps the pores of the pot are 
coarser there, due to the method of manufacture), it is essential to 
give it a good connection with a solid wall of wax some way down 
the pot. 

Pig. 2. 

Wall of glass tube. 

Wax. 


Wall of pot. 

Film. 

Some other methods were tried for getting the top secure: (i) sup¬ 
porting the upper end of the membrane by melting paraffin wax into 
the top of the pot, after a preliminary formation of the membrane and 
drying the pot; this did not give good results; (ii) having the upper 
ends of the pot glazed with porcelain glaze, but as the glaze could 
only be applied superficially inside and out, instead of throughout 
the mass of the biscuit, the membrane-forming solutions did not 
diffuse evenly, and the film was formed irregularly, and even locally, 
between the two layers of glaze, and when a high internal pressure 
was maintained for some time, it forced the solutions through minute 
cracks in the glaze. This is shown in section in Fig. 3. Messrs. 
Morlent Freres, Bayenx, kindly tried to glaze some throughout, but 
did not succeed. 

The 1-inch long sealing wax joint withstands pressures of to 
4^ atmos., depending on the temperature, and at tho same time 
prevents the membrane from approaching the top of the pot, since 
the outer solution has diffused over inch downwards from the top, 
before it reaches the inner solution. This is shown in section in 
Fig. 4 

The dimensions of the pots allow all the connections and fittings to 
be made of glass. 

Up to the present, sealing wax is the only cement with which I 
have been able to get any results, with one exception. 






OF SALTS IN SOLUTION. 


347 


Fig. 3. Fig. 4. 



For temperature experiments it is necessary to use another cement. 
Poitland cement is too porous to form a strong film, and the free 
alkali in it decomposes the copper sulphate solution used. Tlie 
pressures obtained with this cement are only about one-half those 
got with sealing wax. 

The double phosphate of zinc and sodium, and the oxychloride of 
zinc both make good cements, but only become hard when the zinc 
oxide used is prepared by heating the nitrate. This oxide is very 
hard, and requires careful and prolonged grinding before it is suffi¬ 
ciently fine to use. When made, the cement sets very quickly, and 
is difficult to manipulate. However, the only temperature experi¬ 
ment 1 have been able to eompleto was made with a pot fixed with 
the sodiophosphate cement. 

The Membrane . 

Pfeffer in his researches used a membrane of copper ferrocyanide 
formed by precipitation from 3 per cent, solutions of copper sulphate, 
and potassium ferrocyanide, when these were allowed to diffuse from 
each side of a porous pot which had been immersed in the copper 
sulphate solution, and partially dried. He also experimented with 
membranes of calcium phosphate, ferric hydroxide, ferrous carbonate, 
and ferric ferrocyanide, and found that they did not prevent the 
passage of salts so completely as the copper compound. I also tried 
the same membrane and, in addition, aluminium hydroxide, and 
silicic, and tungstic acids, but could not get satisfactory results with 
the commercial pots, except with ferric ferrocyanide. The specially % 
manufactured pots gave excellent results with the copper salt, and so 
saved further experiment. 
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The chief objection to the ferrocyanide film is that the solutions 
which surround it must be neutral, or at any rate not dissociated* in 
solution. On the other hand, the destruction of the him is an excel¬ 
lent, but trying proof that a salt is dissociated in solution. 

The Gauge . 

A simple form of manometer was found to give good results, since 
it could be attached to the pot by the help of a blowpipe, after the film 
vtas made (Fig. 1, p. 845). * 0 is a capillary tube of uniform bore about 
45 cm. long. The rest of • the tubing is about -fg inch bore. The 
heights were read sufficiently accurately by the millimetre scale D. 


Mode of Prepa/ring Ohe-^Membranes and Setting up the Apparatus . 

At first I tried Pfeffer’s method of depositing the membranes, but 
could not get a strong film by it. The following, based on a sugges¬ 
tion of Professor J. J. Thomson’s assistant, Mr. E. Everett, was, how¬ 
ever, found to give excellent results :— 

The clean and dry pot with its glass tube attached is gradually 
lowered into the copper sulphate solution, while the ferrocyanide 
solution is being poured into the inside. The pots are then placed 
under the air pump and kept in a vacuum for some days till all the air 
is drawn out of their pores. They are then allowed to stand about 
three weeks in more dilute solutions, to thicken up any weak places 
in the film. Too long standing in a vacuum is apt to cause a precipi¬ 
tation of copper oxide on the outside of the pot, and this seems to 
interfere with the free passage of water. 

The film thus formed at the first contact of the two liquids is right 
in the middle of the pot walls, and stands pressures up to atmos. 

When ready for use, the pots are attached to their gauges by the 
blowpipe. 

It is easy to empty the pots through the drawn-out tube A, by 
means of a piece of tube drawn out into a long capillary (Fig. la), and 
a suction pump. They are filled by a wash-bottle, or pipette with h 
capillary delivery tube. 

In order to select the pots which can be used, they are filled with 
a salt solution which will get up a pressure of about 1 atmo. A 
solution of potassium nitrate - 2 \ gram mol. per litre does for this 
purpose, but solutions of ^ gram mol. of potassium sulphate per 
litre or of ^ gram mol. of potash alum per litre are better, as they 

* Throughout this paper the term “ dissociation ’* is used in its ordinary 
acceptation of dissociation into .constituents. When dissociation into ions is 
meant, the words “ into ions ” have been inserted in the text. 
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keep their maximum pressures constant for a longer time than the 
nitrate. It* a stronger solution is used at first, the film very often 
hursts. 

Only about 25—30 per cent, of the pots set up give satisfactory 
results. 

Pots which gave results nearly a maximum on their trials were 
used for testing Boyle’s law in solutions, but only those which gave 
the maximum were used for observations which had to be compared 
with those from other pots. 

When not in use, the pots were filled with, and stood in, distilled 
water. That this does not affect the film was shown by the fact 
that a pot (e and £j) which was kept standing in water for about a 
year gave practically the same results after this interval as it did 
before. 

The Observation*. 

Owing to the thickness of the pot and the distance of the mem¬ 
brane from the inner surface, washing, <&c\, which requires the help 
of diffusion, takes a long time. 

As the solutions used are very dilute (about 0*5—3 per cent.), it is 
necessary to remove any excess of salt left in the pot walls by the last 
solution. The pot is first thoroughly washed with distilled water, iu 
order to remove any salt solution adhering to the sides of the pot and 
tubes, but to extract the salt contained in the pores it is necessary to 
till the pot with distilled water and allow it to stand in distilled water 
for 24 hours. 

The small percentage of salt in the pores causes a current of water 
through the film from the outside, whach assists the washing as well 
as the diffusion. This treatment is generally sufficient to remove 
traces of the last occupant, though it is advisable to wash for 2—3 
days, when time allows, and the consecutive solutions ai'e not isotonic. 
(For examples see I.) 

The pot is now filled with the new solution, allowed to stand for 24 
hours, aud then refilled. When the temperature is constant, readings 
are taken of the top of the air column of gauge, a ; the level of mercury, 
b and c, in both limbs of the,U“^ a ^ e > ^ ie u PP er level of the solution, 
d, in A (p. 345) ; the barometric height, e; and the temperature, f. 
These give us the initial values for the volume and pressure of the 
air in the manometer gauge, v 0 and p 0 - 

The top of A is now sealed, and these readings taken daily till the 
pressure is constant. For a good pot it does not seem necessary, 
though advisable in some cases, to take readings oftener than once a 
day, as the final pressure keeps constant for 1—3 days, accordiug to 
the solution. * 
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When constant, the diminished volume of the air, v, in the gauge 
is read, and the pressure calculated by Boyle's law. 

j? 0 is obtained by correcting the atmospheric pressure for the differ¬ 
ence of level of the mercury in the two limbs of the (J-tube, aud also 
for the column of solution in A. jpi is corrected for tlie difference of 
the mercury levels, for the atmospheric pressure on the water sui- 
rounding the pot, and for the difference of level between this water and 
the mercury column in communication with the pot. The last correc¬ 
tion may be obviated by making the water-level of the vessel in which 
the pot is immersed the same as that of the meicury column. 

A correction for dilution of the original solution by the entry of 
water to take the place of the mercury in the gauge has been avoided 
by making the capacity of the apparatus considerable, with respect 
to the bore of the gauge-tube C, and by making the amount of air 
enclosed in A very small also. 

The time taken by the salt to get up its maximum pressure depends 
partly on the pot and partly on the character of each salt. A slow 
rate of rise is usnally the characteristic of a strong and lasting film, 
but I have had a few exceptions. 

Neutral salts do nob in general attack the membrane, but some 
curious exceptions were noted. Ordinary potash alum and ammonia 
alum are not dissociated in solution; chrome alum gradually attacks 
the film. Potassium nitrate and many others (see below, V) are not 
dissociated; sodium nitrate gradually attacks the film. Potassium, 
calcium, ammonium, and aluminium sulphates are not dissociated; 
sodium, magnesium, and copper salphates are dissociated. Potas¬ 
sium lerricyanide is dissociated, whilst the cobalticyanide is not. 
Potassium hydrogen carbonate gradually weakens the film, and tri- 
sodium phosphate, as might be expected, destroys it at once. In fact, 
it appears that the potassium salts of the strong acids are the least 
dissociated, whilst the sodium salts of thebe acids aic much more 
generally dissociated. 

This might almost be expected from the position of bodium in the 
periodic arrangement of the elements, in the same section of the first 
group as hydrogen, and from the behaviour of acids towards the film, 
but at the same time it is possible that the action is not duo to simple 
dissociation, but to a specific action of the sodium salts, caused by their 
being relatively less completely saturated than the corresponding 
potassium salts. If this be the case, there ought to be some differ¬ 
ence between the two in their action as solvents of more complex 
compounds. The only case which suggests itself is the incomplete 
precipitation of the paraglobulins from solution by means of sodium 
salts as compared with other neutral salts, though I am not aware of 
any comparative trials of the potassium salts. 
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The destruction and breaking down of the film may be eitbei* 
sudden, or gradual. The gradual breaking down is shown m the 
lower curves of K 2 S0 4 in /> 2 , in Fig. 7 (p. 354), and of potash alum in 7, 
in Fig. 15 (p. 361), where the curve takes the same form as in the 
case of known dissociation of chrome alurn in Fig. 16 (p. 362). 

The phenomena of dissociation of simple, and of double salts in 
solution has been investigated by F. Riidorff (Be>\, 21,4, 3044). He 
shows that many of these are dissociated, and may be separated into 
their constituents by diffusion through a porous cell into water. 

In the following tables, the temperature at which the osmotic pres¬ 
sures were taken raries from 15° to 19°: this does not introduce any 
appreciable error in the pressures estimated in atmospheres, au<l 
in the Boyle’s law observations the variation of temperature of the 
consecutive observations is less than 2°. 

The quotient P/tt, which is the same numerically as Arrhenius’ 
coefficient of dissociation, i, is tho number of times the observed 
pres&ure, P, is greater than that 77-, calculated ou the assumption that 
the ultimate osmotic pressure is tho same as would bo exerted by the 
compression of a gram-molecule of hydrogen into the same space as 
the solution occupies. The values of tt are for 


gram-mol. per litre = 0*14 atmo. 

loQ 


and for n x 


160 


= n X 0*14 atmo. 


This should be corrected for temperature, and at 15° becomes 
a x 0*1475. 

It may also be convenient to remember that at 15° a pressure of 
1 atmo. would bo produced by 0*424 gram-molecule per litre. 


I. Boyle's Law applied to Salts in Soltttim, 

In the following tables column 1 is the strength of the solution in 
gram formula weights per litre; column II the osmotic pressure in 
atmospheres; column HI the quotient P/sr, or i 9 the dissociation 
coefficient. 

The results will be found plotted out in Figs. 5 and 10. 
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1. Simple Salts. 

a. Solution of KX0 3 in different pots. Fig. 5. 


I. 

IT. 

III. 

1 (nearly) 

4-50 

1-04 

1 

7*5 

287 

0-96 

1 

10 

2*39 l 

107 

l 

20 

1-50* 

1 30 

1 

40 

0-89’ 

1-59 

1 

80 

0 466 

1-66 


1 Mean of 2*39, 2*41, 2*37. 

3 Mean of 1*76, 1*48, 1 38,161,1*49, l-«4 * 
3 Mean of 0*96, 0*82. 


£X0 3 . 


Fig 5. 



Concentrations in ^ gram form. wt. per litre. 


* These figures were obtained for the nitrate when used ns the first solution, for 
trying the pots. Hence they differ more than the others. 
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b Solution of NaNOj in different pots. Fig. 


I. 

II. 

in. 

1 

10 

311 

1-39 

1 

20 

1-69' 

1-51 

1 

40 

0-60 

107 


* Mean of 1-79, 1‘59. 

NaNOj. Fig. 6. 



e. Solution of K 2 S0 4 . Fig. 7 (p. 354). 

Series (i) in one pot In order starting with strongest. 


I. 

II. 

in. 

5 

80 

1-895 

1-35 

4 

80 

1-68 

1-50 

3 

80 

1-38 

105 

2 

80 

102* 

1-82 

1 

80 

0-505 

1-81 


1 Mean of 1-05, 0-99, 
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TvgSO. Eia. 7. 



1 

2 8 4 5 

jL gram form. wt. per litre. 

6 7 8 

Series (ii) in one 

pot fi, in following order: 

2, 4,1, 3, 5 x „V 

I. 

n. 

m. 

5 

80 

2 32 

2-01 

4 

80 

219 

1-96 

3 

80 

1*705 

2 03 

2 

80 

101 

1-81 

ur\ 

0-66 

2 36 


d. Solution of (FH^jSOi in one pot t. 


I. 

II. 

III. 

1 

2-64 

2-36 

*0 

1-30 

2-33 

40 

e. Solution of CaSO* in 

one pot oj.. 

I, 

II. 

III. 

1-148 2 

80 

0-167 

1-59 

0*574 

80 

0-245 

1-67 


2 This is a saturated solution. 
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/. Solution of KI in one pot o». Fig. S. 


I. 

IT. 

IIT. 

8 

80 

8-37* 

150 

7 

80 

8-05 

156 

6 

80 

2 - 56 s 

1-52 

5 

80 

2 21 

1-57 

4 

80 

1-775 1 

* 

1-58 

£ 

80 

135 

1-61 

Ov 

2 

8o 

0 92 

164 

1 

80 

0-490 

1-77 

1 £, = 3-31. 
s £■. = 2-22. 
s 6 = 1-81. 



KI. 


Fia. 8. 



3 4 5 

•jrV gram form. wt. per litre. 


1 


2 


G 


7 
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2. Hydrogen Salts. 

a. Solution of KHC0 3 in one pot Fig. 9. 


I. 

n. 

III. 

8 

80 

2-03 

0-91 

4 

80 

101 1 

0-90 

2 

80 

0-59* 

105 

1 Mean of 0‘95,1-07. 



Duplicate/rom 2 = 1*32. 



2 Duplicate from 6 = 0*655. 


Fig. 9. 



fa gram form. wi. per litre. 


b. Solution of NaJEtPO* in ore pot v. Fig. 10 (p. 357). 


I. 

II. 

nr. 

4 

80 

1-82 

162 

2 

80 

1-50. 

2-68 

1 

80 

0-51 

1-40 





■go gram form. Mt. per litre. 





Atmo*. 
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3. Salts of Compound Add*. 

a Solutions of K^FeCgNe. working do^n from strong to weak. 
Fig. 12. 



3 4 5 

tsj 5 gram form, wt, per litre. 


I 


6 


7 


8 
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b. Solutions of KtCo^CuNio. In two pots, tt 3 working down from 
strong to weak. Fig. 13. 


ii. m. 


I. 


r 

*2- 

Mean. 

s. 

"V 

flr 3 . 

4 

160 


3-46 

3-28 

3-37 

6-19 

5-85 

3 

160 


— 

2-19 

2-49 

— 

5-95 

2-§_ 

160 

1 

60 

2-17 

— 

2-17 

5-82 

— 

2 

160 


1-77 

1-70 

1-74 

6-35 

6-08 

1 

160 


0-91 

0-90 

0-91 

6-50 

6-43 

0-5 

160 


0-512 

0-515 

0-514 

5-31 

7-36 


KjCojCijlTy Pio.13. 



c. Solutions of K(Sb0)C 4 H 4 0 6 . In ono pot tt 2) working up from 
dilute to strong. Pig. 14. 


2 D 


VOL. LIX. 
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I. 

n. 

m. 

8 1 

160 

1-35 

1-20 

6 

160 

1-03 

1-23 

4 

160 

0-747 

J-33 

2 

160 

0-32 

1-14 


1 Tliis solntion is nearly saturated. 


Fio. 14. 


X (SbO) C 4 H 4 0 5 . 



4. Double Salts. 

a. Solutions of K 2 Al 2 (S0 4 )24 H 2 0. In two pots, 7 and work- 
ing from strong to dilute in ft. Fig. 15, 


I. 

6023 1 

160 

r 

2*70 


IIT. 

A. 

t S 

3 20 — 

6 

160 

— 

3-36 

- 4-00 

5 

160 

— 

2-395 

— 3-85 
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ii. 

\ hi* 


I 

y- 

fa- 

t — 

--, 

4-82 

160 

2-32 

— 

3-44 

— 

4 

160 

— 

2*04 

— 

3 65 

3-616 

160 

1-84 

— 

3-64 

— 

3 

160 

— 

1*56 

— 

3*72 

2-41 

160 

1-18 

— 

3-50 

— 

2 

160 

— 

1*08 

— 

3*86 

1 "205 

160 

l 

0 61 

— 

3-63 

— 

loO 





0-602 

160 

0-37 

— 

4-39 

— 


1 This is a nearly saturated solution. 


3?io. 15. 

KaAWSO^Aq* 
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l. Solutions of K* Cr 3 (SO 4 ) *24Aq in two pots. Fig. 16. 




II. 

nr. 

T. 


r -*- 

r 1 

5 

160 


2-70 s — 

3-85 — 

4 

160 


2-46 — 

4-40 — 

’9 

Green 1 

— 2-08® 

— 3-72 

3 

160 


1-62 — 

3-86 — 

»9 

Green 

— 1-33 

— 317 

2 

160 


110 — 

3-96 — 

1 

160 


0-47 — 

3-36 — 


1 The green solution is prepared by boiling the ordinary 1)1 uo- 
green solution, and is in a condition <o£ dissociation, since it attacks 
the film. 

3 This observation may be too low, since it followed (3), which 
weakened the film. 


K 2 Cr 2 (S0 4 ) 4 ,24Aq. Fio. 16. 



The examination of these curves leads to the observation that 
they ire nearly continuous, and take the form OABOT), Fig. 17. 

Thi^ may be divided into lour parts; starting with a saturated 
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solution at D, dilution diminishow the osmotic pressure until tho 
point 0 is reaeliod. From C to B, the curve protlucod passes through 
(), and may represent the duration of existence of soino complex 


Fra. 17. 



molecule of tlio salt, or of a definite hydrate. The part OB may he 
long or short, and above or below the line of gaseous prossure of an 
uudissociated molecule. At B, the specific action of the solvent may 
be supposed to begin dissociating this complex molecule of the salt. 
This goes on increasing through A towards 0, but does not pass be¬ 
yond the lino of complete dissociation into ions. In many cases, 
dilution does not appear to make this part of the prossure curve 
approach the lino of complete dissocial ion iuto ions. 

The portion 0AI3U may bo well seen in the KNO* curve, bnt in the 
KaSO* and the KI curves, only the portion OA, and a little beyond 
A towards B. 

The portion OT) is well seen at the more concentrated end of the 
alum, and better in tlio tartar emetic curve, both of which arc nearly 
saturated. 

OABO is nearly straight for KJ, for the double salts, and for the 
salts of the compound acids. 

In the ease of alum, the change of direction at 0 takes place at the 
concentration 4 ^ 0 gram form. wt. per litre. Where the part OA is 
straight, it cuts the complete dissociation lino when produced back¬ 
wards, at a point between M1 a M> and H J 0 concentrations. 

The presence of hydrogen in t.ho *tcid salts docs not appear to 
have any specific effect on the form of the curves. 

As the curves arc so nearly continuous, wo cannot infer the exist¬ 
ence of dofiuito hydrates iu the solutions of the salts examined. For 
this purpose, ono must get a larger rauge of observations, which can 
only bo procured by some loss lengthy method, such as tho lowering 
of the Crocking point. 

Tho part 1)0 shows a loss of kinetic energy on dilution; this may 
bo duo to the retardation of tho molecules in tho state in which they 
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exist in solution, being greater than that of thoso which arc ju. t 
entering the solid state. 

II. Charles 9 Law applied to Halts in Haiti t ion. 

In this case the difficulty is to procnro a cement which will allow 
the formation of a film, but which will neither crack, nor molt. I 
found that sealing-wax joints will not allow the use of a temperature 
above 30°. 

Using the sodiophosphate of zinc, I have got one observation. 
Unfortunately, the solution used,potassium ferrocyanide,attacked the 
film at a temperature of 70°, and I have not been able to get another 
film. 


o 2 *5 

^ K 4 FeC 6 N 6 gave a pressure of 0*77 atmo. 

^ 19 « 99 VI3 ,, 

Assuming Charles* law applies to salts in solution, and that 
KtFeCoNe behaves as a single unit, the pressure should have been 


0-77 x 327 
290 


= 0*87 atmo. 


That is, the calculated rise on this assumption 

= 0*87 — 0*77 = 0*10 atmo. 


But the observed rise 


= 1*13 - 0*77 a 0*36 atmo. 

Now, on reference to the preceding results, I, 3, a, wo find Mini, t| )( . 
ratio of observed osmotic pressure to that calculated on tin* undis- 
sociated molecule hypothesis is about 3*6f>* for Iln> above solution. 
Therefore, the calculated rise, instead of being 0*10 atmo., should bo 
0'10 3‘6{> = 0*365 atmo., which is the value found. 

That is, so far as a single experiment can uphold tbo point, 
Charles’ law does appear to apply to salts iu solution. 

It must be noted that the factor», wbatovev bo its interpretation, 
appears here as well as in the application of Boyle’s law. 


HI. Dalton's Law of Partial Pressures applied to Salts in Solution. 
1 have arranged the values obtained under three hoads 


* The factor, 8*65 is that found for tlie above solution at 1 T. Do Vries luis 
shown (Joe. at.) that the ratios of i ore nearly independent of temperature. 
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ci. Salts which combine to form well-marked double Halls*— 



T u pot K. 

1 n pot r. 

JL 

Halt solution. 

. 

r "'" ,M 't 

Osmotic Hum ot 

pressure components 

1-3B4 — 

Osmotic* 

pressure 

1*295 

Hum of 1 
component *». 

A ai,(so,).. 

1*265 

1-22 

— 

i*- 80 *. 

1*29 — 

140 

— 

— (NH , *)iAl»(SO t )i,21A«| 

2:57 2 r>:{ 

1-98 

2*515 

_Lk,A1 1 (S0 1 ) 1 ,24A«i.... 

40 

2-39 2*56 

1 90 

2*< >2 


b. Salts of the same acids, which do not form double salts: -- 
i. Iodides in pot o A : — 

Osmotic Hum of 

Halt solution. pressure. components. 


- OaT^.. (H>5 

HO 

i w +i°*. . 


iu Sulphates in pot o A 

Osmotic Hum of 

Halt solution. pressure. components. 

OfiOaHO,. 0-4O7 — 

40 

A KiSO,. 1*43 

2^CaSO,+ ’ K,SO« 1-88 l*bt>7 

40 40 


c. Salts of diiToiunt acids which do not torn double salts : — 
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In pot r. Til pot <i> 

_*. —.- , -- *- 


Osmotic 

l 

Sum of 

&smolic» 

Hum of ' 

Salt solution. pressure, compouonts. 

pressure. 

components. 

„ E*SO,. 1-40 

40 

— 

1-43 

- 

1 EKO,. 0-814 

40 

— 

09C 


-i-K^eCCSO. 0-50 

loU 

— 

0-48 

— 

2 - E*SO, + -L ESTO, .... 2-05 

40 40 

2-21 

2-37 

2-39 

iK l S0 4+I J 5 K.Fe(0N) a . 1-80 

1-90 

1-935 

1-91 

+i^K 1 Fe ( CN) a 1-23 

1-31 

1-495 

1-44 


As a whole, these results show that when tlio two components can 
combine to form a doable salt, Dalton’s law does not hold accurately, 
and that the observed pressure for the compound is loss than the sum 
of the pressures of the constituents. 

In the cases when the components do not combi no to form a 
double salt which may be crystallised out, the observed pressure of 
the mixture of the two salts is about equal to tho sum of tlio pressures 
of the constituents. In the case of the iodides, b , i, tho observed 
pressure is even considerably greater than tho sum. In tho results of 
pot t in c, as in those of pot o z in the same class, tho deviations, when 
in the same direction, are smaller than those in class a . 


j. v. influence of the Aoid* 


o. Solutions of potassium salts of different strengths, 
pot 5:— 

L 1 i 

ao 40 fid 

mostly in one 

1 

HO 

KKTO,. 

r 

o. p. 

i. 

o.p. 


/- N 

o. p. /. 

o. p. 

t. 

1-G4 

1-47 

0-116 

1*72 

— — 

0-47 

1-60 

El. 

1-81 

1-62 

0-92 

1*64 

_ _ 

(MOfl 

1*77 

ECHO,. 

1*73 

1-55 

_. 

- - - 

1T -, - 



XC2H3O2 . ..., 

1-26 

1-18 

_ 





k*so 4 ....... 

2-16 

1*93 

1*25 

2*24 

i , 



f^c a 0 4 ....... 

2-26 

2-02 

1-31 

2-34 

- , , - .. 



KHCOs. 

1-32 

1-18 

0-66 

1-17 

_ L ._ - 



EHSO,. 

— 

— 

0-79 

1-41 




EjC.HiO,.... 

2-30 

2-50 

1*17 

2-10 

i - 



K(SbO)0 4 H 4 0, 

1*35 

1-2L 

0*75 

1-34 

- „ t -- - , 

o-sa 

1*14 

E,Fe(C2f),... 

3-49 

3-12 

2*05 

3-67 

1-49 4-n 

6*00 

:W4 

E,Ce ! (CN)i i .. 

— 

— 

3-46 

6-18 

2-17 5-98 

1*77 

a;w 
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b . Solutions of sodium salts of different strengths, mostly in <$:— 

1 1 1 

20 40 (51) 

t — f —*—*— t —*—-s 
o.p. /. o. p. i , o. p. ». 

TSTaNOa.... 1*59 1*42 — — — — 

N«iSA.'“ 2*21 1*90 1-30 2*33 — — 

ISTasHPOi.. 1*82 1G3 1*50 2*08 0*51 ]*42 

NTaaCi. — — — — 0*97 2*08 


c. Solutions of potassium salts of organic acids, 
pots and t for ^ form. wt. per litre :— 


Two series in 



t - 

f. 

f ' " - 

-^ 


0 . p. 

0 . ]>. 

l . 

KTto. 

... 1*09 

0-975 

1-4:5 

1*28 

KAc . 

... 1*42 

1-27 

l-(i(5 

1*48 

KL>i-. 

... 1-4(5 

1*33 

1 7H 

1*5!) 

KHz. 

... 1-itft 

1-74 

— 

— 

K*Ox. 

... 2 - 2(>(fl) 2-02 

f 1*41 ‘ 

] 



• • < 1-41 

11*31 - 

>2*52 


Those results nro discussed after the next series. 


V. Influence of Dane. 

a. Solutions of nitrates of different bases in two pots, i/ and |5 :■ 


l a 

20 40 



>h 

(*• 

7 

t -- 

& 

'1. 

KNO„. 

3 -01 

i -7rt 

1 -CO (Moan) 

0*80 (Mean) 


1 *59 

NttN0 8 . 


1*7D 

1 *(50 

0*00 

— 

1*07 

nh 4 no 3 .,. 


1*48 

1*88 

0*0(5 

— 

1 *18 

M(?(NO a ) a .. 

2*12 

— 

l *8S) 

0*9# 

— 

1 *78 

Ctt(NO, } )a. 

i *(57 

— 

1 *41) 

1*07 

1*08 

1 *08 (Mean) 

Rv(NO a ; 3 . *. 

1 *:>8 

— 

1*41 

—• 

1*88 

3*47 

Ua(NO a )a.. 

— 

2*04 

1*83 

— 

1 *38 

2*38 

0o(NOa) 3 .. 

2*14 

— 

1*91 

1 *85 

_ 

2* 12 

OiifNOa)*^ 

2*U 

— 

1 *98 

0*08 


1*0(5 


b. Solutions of sulphates of different basos iu two pots, * and t, 
with 0.1\ for a * 0 in different pots:— 
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_1 

20 


_ 1 _ 

40 


o p. ^ic. r. i for menu. 

K 2 S0 4 . 2*19 1*97 129 1*40 2*40 

tfasSO*. 3*13 2*79 — — — 

(NH 4 )*S0 4 .... 2*64 2*38 1*26 1*293 2*29 

MgSOi. 0*78 l 0*70 — — 

CaS0 4 . — — 0*79* 1*1 L 

A1 2 (S0 4 ) 3 .... — — 1*265 1*22 2*23 


1 Probably due to destruction of dim by tbe salt. 

8 Extrapolation value beyond saturated solution, and has no inter¬ 
pretation. Inserted to show different order of O.P. for an undissoeiatod 
solution. 


c. Solutions of alums of different composition of ^ gram form. wt. 
per litre; * at 16°, t at 14° 


O. p. »*. 


K*A1^S0 1 )*,24H !! 0 .... 

K. 

239 

-\ 

T. 

1*96 

K, 

4-27 

r. 

3-50 

K 2 Cr 2 (S0 4 ) 1 ,24H,0. 

2-46 

_ 

4-40 


(IfH*) s Al i (S0 1 )i,24H J 0 . 

2-37 

1*98 

2-25 

354 


d. Solutions of normal and hydrogen salts :■ 


ss 11 *®. 

.... [1*46 calcd.] JL = 0 * 97 . 

^MCi. 

.... 212 

i- K*Ox . 

4o 

.... 1-41 

A KHOx. 

40 

.... 0-77 


NajPO*, KHSO 4 , and K 2 S0 3 are decomposed by water, and dissolve 
the film. 

Magnesium, copper, ammonium and sodium nitrates, and ammonium 
sulphate have smaller values of i for dilnto solutions than for concen¬ 
trated. This may be explained by the existence of a hydrato, but 
it is not practicable to define them, by this method. 

In examining these results, it must be rememberod that they ore 
taken at any points in the curve O A]BOD, § I. In O rdor to bo striotly 
comparable they should be taken from OA, or from BO } this is con- 
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firmed by tho fact that the values of i are more nearly constant for 
a * 0 than for solutions in the case of the bases, and that this point is 
in BO. 

It must bo noted that sodium salts generally are more dissociated 
than potassium salts, particularly whon the acids have high affinity. 
This is also borne out by the fact that sodium salts generally destroy 
the film, sooner or later, whilst potassium salts do not. Tho sulphates 
also are much more dissociated in watery solution than the nitrates, 
except whon they form double salts, such as the alums. 

The base values do not appear to be periodic, but rather to bo con¬ 
nected with the aridity of the base. 

No general principle governs the action of hydrogen in acid salts ; 
in sonic cases it Iowcts the O.P., in othei*s it raises it. 

Taking the salts of tho organic acids first, we see that an increase 
in the molecular weight of the acids is accompanied by an increase of 
the O.P., and also that the O.P. seems to depend on tho basicity of 
the acid. 

This may be interpreted that tho carboxyl group gradually loses its 
unsaturated condition with increase of molecular weight of tho 
attached carbon group, so that the retardation which occurs from 
tho action of tho water on tho carboxyl group gradually loses its 
prominence. 

Tn order to compare my values of osmotic pressures with those of 
the electric conductivities, I append the following values of Kolil- 
rausch’b (11.A. Report*) for the molecular conductivities of solutions 
of jft, gram form. wt. per litre (= 10 R k/m 9 where k = tho conductivity 
and w as tho molecule in grams). The osmotic pressures are thoso 
dotormined for ^ gram form. wt. per litre. 


XohlrauBfh. o. p. 

KNO,. SK3 1-61 

Kl. 10(59 l‘8l 

KOIO,. 927 3-7S 

KAo. 784 1*20 

iK,80 4 . 897 125 

KNO,. 983 1-715 

NaNO,. 817 1’79 

$Ba(NO,), . 755 i 1-38 

*£*80,. 897 2-19 

». 734. ^ 3-13 
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The values in the two cases appear to take a similar dii*ooiiou, 
though in the case of sodium, my values are always higher than 
the corresponding values for potassium. 

Kohlrausch also gives the relative velocities of the ions:— 


K. NH 4 . Na. 

62 50 32 

I. NO s . 

55 48 


If. IBi. JMg. 

274 30 26 

C10 a . Ac. 

44 26 


These velocities take the same direction as the osmotic pressure 
values, except in the case of sodium. This might bo expected if 
osmotic pressure and electric conductivity are due to the same cause, 
since the O.P. must depend on the velocity as well as the mass of the 
molecule. 

I append the values of the relative affinities of the acids used, from 
Ostwald. 


HOI. 

. TOO 

HI. 

. 097 

HNO s . 

. 0*96 

HC10 3 . 

. 0-96 

H 2 S0 4 . 

. 0-73 

HIP. 

. 0-016 

HAo. 

. 0-004 

HPr. 

. 0-003 

H s Ox. 

. 0-18 

h 2 t. 

. 0-023 

HjCi . 

. 0-017 


He states that no base affinity tables have boon constructed which 
have auy value. 

It will be seen that for the inorganic acids a high relative affinity 
is accompanied by a high O.P. of their salts, whilst in the ease of the 
organic acids, the reverse holds. I think this must conclusively 
prove that there is some other factor entering into the problem of 
solution besides simple dissociation into ions. 


VI. Avogadro’s Law applied to Salts in Solution . 

In comparing the results obtained, and looking at the values of 
P/a- or ij it will he seen that it is always greater than unity or 
approximately equal to it. Its excess above unity tends, except for 
nearly saturated solutions, to increase with increasing dilution. (See 
remarks on I.) 

In the table in IV, the values of i vary much. For form. wt. 
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per litre) the limits arc 1*13 to 2*02 for simple salts, and for form, 
wt. 1*17 to 2*34. 

Tn ilio tahlo in V, the values of i do not differ so mnch r 1*33—1*03 
for form. wt. per litre, and 1*(>6—2*17 for 

This confirms the fact that the osmotic pressures do not furnish 
any guide to the determination of the molecular weights of inorganic 
salts in solution in water, at least for comparison with gaseous mole¬ 
cular weights. It is possible that the results may he more consistent 
with organic than with metallic bases. 

In the easo of the acids, the osmotic pressures of the solutions which 
contain - t V equivalent of potassium, or sodium per litre agree much 
better than the corresponding proportion of the formula weight. 

The sulphates are more consistent than the nitiatcs, though they 
dissociate more easily; the latter may be connected with the forma¬ 
tion of water compounds of the acid formed by dissociation, giving as 
result a basic salt in solution, mixed with dilute sulphuric acid. 

The limiting value of z, as found by Airheums’ hypothesis into 
ions is as follows— 


For 

M'X'. 

= 2 


M"X' a or M'.X". 

= 3 


/ M"'X') or M\X'" 1 
l orM'X / '■ 

= 4 

where 

M as any metal, 



X = any acid radiclo. 


These values arc not exceeded in my observations, and it is only 
the sponger acids and bases which approach this limit. On the 
other hand, for the organic acids, the stronger are loss dissociated. 

If dissociation into ions takes place, why do they not get through 
the film rather than the water molecules ? As a matter of fact, the 
dissociations which can he observed nit) those of tins suit into an acid 
and a basic portion, of which iheweid part gets through, and destroys 
the film. This passage of the ions through the film should be more 
distinctly noticeable in the case of the acid salts, whoio, according to 
Kohlransch’s numbers, the velocity of H is 274; while that of K is 
only (>2. However we do not find the O.P. of these salts less than it 
ought to be, from this cause, V, d. 

On the otlior hand, the value of i may bo conditioned by the 
amount of dissociation of the molecules of the salt, produced by the 
action of the solvent, as described above. On this lij pothesis, the 
value of i at its limit represents the maximum amount of dissociation 
of each molecule of the solid in the state in which it exists in solution, 
produced by the action of the solvent. 

Thoi’o is no doubt that the values of /, obtained by any of the 
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various methods in use, agree with one another, are fairly definite, 
and have a meaning, but I incline to the explanation that the action 
of the solvent is twofold, and may be expressed as— 

i. Combination of the molecules of the dissolved substanco with 
the solvent to form complex molecules. 

ii. Separation of the complex molecules of the dissolved substance, 
under the action of the solvent, into simpler molecules, not necessarily 
as small as the limiting gaseous molecule. 

In conclusion, I have great pleasure in thanking Professor J. J. 
Thomson for the use of the Cavendish Laboratory, Cambridge, where 
this research was conducted, and for his kind assistance, and advice 
during the progress of the work. 


XLIL —Notes on the Azo-derivatives of fi-Napkthylamine. 

By Raphael Meldola, F.R.S., and Fhank Hogues. 

At the beginning of the present session we commenced an investiga¬ 
tion having for its object the extension of the results which had 
previously been arrived at respecting the constitution of the azo- 
derivatives of p-naphthol by one of the authors in conjunction with 
F. J. East (Trans., 53,1888,460) and Gilbert T. Morgan (Trans., 55, 
1889, 114 and 603). The work was carried on till ouo of us (F. H.) 
received an appointment necessitating removal from London, and 
although we cannot regard the present communication as throwing 
any new light on the question of the constitution of the azo-deriva¬ 
tives of £~naphthylamine, we have been able to obtain a Millieienl 
number of new derivatives of these compounds to warrant our sub¬ 
mitting a description of them to the Society. The conclusion to which 
the former researches on tho perfectly analogous compounds of 
/i-naphthol have led is that the atom of hydrogen, which in these 
compounds is replaceable by alkyl and alkoyl radicles, is attached to 
oxygen, and that the quinonoid formula of the azo-jtf-uaphihol deriva¬ 
tives is accordingly rendered improbable. It has boon suggested by 
one of us (R. M.) that these last compounds contain the group 

N 

/\ 

n-o-h, 

■and analogy would therefore lead to a similar formula for tho com- 
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pounds derived from ytf-naphiliylamiue, viz,, (luit the lat/fcox- contain tbo 
group 

Sr 

nQnh,. 

Much ovidcnce has boon adduced in favour of the view that theso 
compounds contain j»ho NH a group, and is so well known that it need 
not be recapitulated here; but that this evidence still appoint in¬ 
sufficient to some chemists is shown by the fact that in a paper pub¬ 
lished last year by H. Goldschmidt and G, Jtosoll (Per., 23, 1800, 
487) the quinonoul formula is adopted by theso authoi*s both for the 
jd-naplithol and jS-naphthylamine azo-derivatives. It is for the pur¬ 
pose of obtaining further evidence as to whether these last compounds 
contain two hydrogen atoms attached to the same nitrogen atom that 
the present experiments have been commenced. As in the previous 
part of the work on the azo-/)-naphthol derivatives the most satis¬ 
factory results wore obtained when the aromatic nucleus linked by 
the azo-group to the naphthalene residue contained a strongly acid 
radicle (NO^), it was thought desirable to begin with tho analogous 
nitroazo-compounds of ^-liaphthylamino, tho more especially as tho 
simpler henzeneazo-/J-naphth)lamme has already boon mado tho sub¬ 
ject of numerous experimental investigations by Ziucke and Lawson, 
Goldschmidt;, &c. 


Ch thtmi troben :eneazo-fi-nap]i thy I am ine . 


Para- and nu‘ta-iiitrobonzoneazo-/5-naphthylamiuo wore described 
by one of ns many yeans ago (Trans., 1883, 43, 430; and 188t, 45, 
11(5). In order to complete the series of isomeridos, wo luivo now 
prepared tho isomeric compound from diazotised orthonitranilino aud 
/3-nnphthylamino. Tho ovlhonilmnilino was diazotised in tho usual 
way with tho calculated quantity of sodium nitrite in hydrochloric 
acid solution, and tho diazo-clilorido poured into tho cold, dilute 
aqueous solution of ^-naphthylamino hydrochloride. Tho azo-com¬ 
pound at once separates as a dull, bronzy powder, and after being 
collected and washed well with water, it was crystallised from alcohol 
and finally from glacial acetic acid until tho analysis showed that tho 
substance was pure. Tho following results were obtained;— 


I. 0'1233 gram gave 0*2987 gram 00 2 aud 0*05(18 gram II/"). 

II. 0-1019 „ „ 0*3904 „ „ 0*072(5 „ „ 

III. 0*0991 „ „ 16 c.c. moist N at 9° and 757*8 mm. bar. 

IV. 0*1574 „ „ 25*8 e.o. moist N at 11*5° and 752*0 mm 

bar. 


»» 
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Calculated for Found. 

p tt ^N S 'O 0 H 4 *NO3 r .-a- ■ — 

°»° Ub <^NH 2 * I* IT. III. IV. 


r '^02 i* u. juu iv. 

0 . 65*75 66*07 65*76 — — 

H. 4*11 5*11 4*98 — — 

TS . 19*18 — — 19*33 mi 


Tha pure substance forms lustrous, bronzy scales melting sharply 
at 198°. It is soluble in alcohol and benzene "but more readily in 
boiling glacial acetic acid. All the solutions are orange-red Strong 
sulphuric acid dissolves it with a deep indigo-blue colour, which 
changes to red on dilution and then again to blue as the substance is 
precipitated in a finely-divided form. 

One striking character of the compound is its close resemblance in 
general appearance to the isomeride from paranitraniline, tlie«(‘ two 
modifications presenting a marked contrast in colour to the bnlHimt 
orange needles of metanitrohenzeneazo /bnaphthylaminc. Unlike the 
paranitro-compound, however, it does not appear to be reducible in 
alcoholic solution with ammonium sulphide* 

Action of Nitrous Acid in the presence of Acetic Acid .—Three grams 
of the substance were dissolved in 110 c.c. of hot glacial acetic acid, 
and when the solution had cooled to 70°, 1 mol. proportion of solid 
sodium nitrite was added in small portions. The deep, reddish- 
orange solution became lighter, and was allowed to stand till quite 
cold. On diluting with water, a precipitate consisting of orange 
needles separated; this proved to be orfchonitrobenzeneazo-/3-naph- 
thol. Under the same conditions, therefore, that the mota- and 
paranitro-compound? form azonaphthyl-aeetatcs (Trans., 1H88, 53, 
460),f the orthonitro-compound passes directly into the corresponding * 
azo-/?-naphthol. The latter, prepared as described, was purified by 
crystallising it several times from hot glacial acetic acid, and was 
finally obtained in the form of bright, orange-rod needles molting at 
209—210°:— 

0*1196 gram gave 0*2866 gram C0 2 and 0*0427 gram II/). 

01348 „ 16 c.c. moist N at 10° and 752*8 nun. bar. 

* The high results for the hydrogen are attributable to the oxides or nitrogen, 
the formation of which was most difficult to avoid, and impossible to prevent 
entirely. 

t I should like to take the present opportunity of correcting an error which 
appears in the title of a noce on this reaction, which was communicated to the 
JBeriehU at the time of its discovery. The note, written in English, boro the titlo 
of th ® Amido-gronp by the Aoetoxy-group [moaning of course 
•O-CjHjOJ by means of the Diazo-reactiou.” Tlio translator rendered this “ Ueber 
den Ersatz der Amidogruppe durch die Acetylgiuppo nut Uulfo der Diazoroaetion ” 
(5er., 1888,21,601). The contents of the note fortunately convey their own refuta¬ 
tion of the title, but the inconsistency nevertheless requires clearing up.—-K. JML, 
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Calculal od for 




Found. 

c. 


or,-35 

H. 

. iJ-75 

8*»7 

N. 

. 11-34 

14-05 


OHhonitrobonzeneazo-/3 r Tiaplithol is only sparingly soluble in 
alcohol, bui more readily in boiling glacial acetic acid. Like all 
the azo-derivatives of /3-naplithol, it is devoid of phenolic characters, 
being quite insoluble in hot aqueous caustic soda. It dissolves in 
hot alcoholic soda with a claret-red colour. Strong sulphuric acid 
dissolves it with a violet colour, which becomes orange on dilution 
with water, the unaltered compound being thereby precipitated. 

In older to see whether the amido-group of the /EJ-naphthylamino 
azo-compound could bo displaced by the aeetoxy-group at a lower 
temperature, a cold, saturated solution of the substance in glacial 
acetic acid was treated as before with the necessary quantity of sodium 
nitrite. After standing for some hours, the solution was diluted with 
water, when a deep-red oil gradually settled down. This oil did not 
solidify on standing, and it was therefore washed with water and at 
once hydrolysed by boiling with alcoholic potash. The product, after 
being crystallised from glacial acetic acid, was identified as ortho- 
nitrobenzeneazo-^-naplithol (m. p. 200—210°), thus showing the rod 
oil to have boon orthonitrobenzcnoazo-^-naphthyl acotate. 


Acetyl Derivatives of the Nitrobeizzeneazo-fi-iiaphthylaniiiiM* 

As a preliminary stop towards the solution of the problem whothor 
there are in the orthamidouzo-cotupounds two replaceable hydrogen 
atoms attached to the same nitrogen atom, it seemed advisable to 
prepare some of the derivatives containing acid radicles. It has 
already been pointed out by Lawson (//<>>%, 1885, 18, 790) that bonzone- 
azo-jS-napbtbylainino forms an acetyl and a benzoyl derivative. We 
have prepared the acetyl derivatives of the nitroazo-compounds 
obtained from the three nitranilines and /$-nnphthylamino. There is 
a great tendency for the decomposition to proceed too fur during 
acetylation, and oaro must bo taken to avoid too high a tompomturo; 
if this precaution is not observed, resinous products are formed. 
After several preliminary trials, the acetyl derivative ot pnranitro- 
benzeneazo-)3-naphthylamine was prepared in the following way:— 
The substance was placed in a dry flask and sufficient acetic an* 
hydride added just to cover it; the flask waa then heated in boiling 
water for about 15 minutes, the contents diluted with water, and the 
evudo acetyl derivative collooted and washed. After several crystal* 
VOL. lix. 2 si 
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ligations from glacial acetic aoid, the substance was obtained pure in 
the form of brick-red needles melting at 227—228°. 

0*1245 gram gave 0*2950 gram C0 2 and 0*0517 gram H 2 0. 

0*1384 „ 19*5 c.c. moist 1ST at 11° and 752*5 mra. bar. 


Calculated for 


• 


Found. 

c_ 

. 64-67 

64-62 

H ... 

. 4-19 

4-61 

N. 

. 1676 

16-61 


This acetyl derivative is very insoluble in alcohol, but readily 
soluble in benzene, the solution being of an orange colour. Tt dis¬ 
solves in cold strong sulphuric acid with a reddish-violet colour, and 
on diluting with water this passes into a yellow, the solution remain¬ 
ing clear for some time. "Whether this change indicates the forma¬ 
tion of a sulphonio acid or some deeper structural modification is a 
point requiring farther investigation. It was thought not hnproba bit* 
that by appropriate treatment the hydrogen atom of tho acctamido- 
group might he replaced by the nitvoso-group, hut we have not suc¬ 
ceeded in preparing a nitroRo-derivative. By the action of sodium nit rite 
on a cold solution of the substance in glacial acetic acid, the unaltoml 


compound is simply “salted out” in a crystalline form. The acetyl 
derivative dissolves in cold, strong nitric acid (sp. gr. 1*42) forming 
a red solution. On pouring the latter into a largo volume of cold 
water, a bulky and almost gelatinous orange precipitate slowly 
separates. The very different appearance of this precipitate, ns com¬ 
pared with the original compound, led us at first to the belief that 
substitution had taken place, hut tho precipitate gradually became 
red on standing, and the melting point and analysis of Uto product 
proved, that it was unchanged. The alteration of colour may indi¬ 
cate simply a change from a colloidal to a crystalline state, or tho 
decomposition by water of an unstable compound formed with tho 
acid. Even fuming nitric acid appears to be without action on tho 
compound in the cold; by heating with an acid of this strength 
(1*5 sp.gr ) for an hour and’then pouring the cold solution into 
water, a reddish substance was obtained, which, when washed and 
dried, was extremely insoluble in all the ordinary solvents, and could 
only he obtained m a crystalline condition by dissolving in hot nitro¬ 
benzene and precipitating by the gradual addition of alcohol. The 
substance was thus obtained in the form of a microcrystallino, red 
powder, which was collected, washed with alcohol, and dried. It had 

13 f ? oiat ’ hnt commen ced to blacken and decompose 
about 236 . Analysis gave the result:— 1 
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0*1164 gram gave 17*8 c.c. moist N at 1L° and 755 mm. bar. 

This agroos fairly well with the formula o£ a raononitro-derivutivo. 

Calculated percentage of N = 38*47; found 18*09. 

The acetyl derivative of metanitrobonzoneazo-^-uaphthylaminc was 
prepared in tho same way as the foregoing. A portion of the crude 
product was crystallised from boiling glacial acetic acid, but as this 
treatment gave indications of decomposition, with the formation of 
resin (probably owing to tho high temperature of the boiling acid), 
this solvent was abandoned and tho remainder of the substance was 
purified by crystallisation from alcohol till a constant melting point 
indicated the purity of the preparation:— 

0*1568 gram gave 0*3736 gram C0 2 and 0*0613 gram H a O. 


0*1630 „ 23*1 c.c. moist 1ST at 13° and 760*4 mm. bar. 

Calculated. Found. 

C . 64*67 64*98 

H. 4*19 4*34 

3ST. 16*76 16*74 


The pure substance forms bright orange needles melting at 192°; 
it is very sparingly soluble in alcohol, more readily in benzene. 
Strong sulphuric acid dissolves it with a violet colour, which becomes 
yellow on dilution with water. 

Orthonitrobenzeneazo-/3-naphihylamino was acetylatod in a 
different way from the other compounds, namely, by heating tho 
glacial acetic acid solution just to the boiling point with the theo¬ 
retical qnantity of acetic anhydride for about 15 minutes. On 
cooling, the acetyl derivative separates in tho form of dull orange 
needles. The compound was purified by successive crystallisations 
from alcohol, and then formed orange-brown noodles molting at 
154°:— 

0*1811 gram gave 0*4305 gram C0 2 and 0*0700 gram 31*0. 


0*1438 „ 20*3 c.c. moist N at 11° and 764*3 mm. bar. * * 

Calculated. Found. 

0 . 64*67 64*82 

H. 4*19 4*29 

N. 16*76 16*93 


The substance is very similar in properties to tlao other acetyl 
derivatives, dissolving in strong sulphuric acid with a violet colour, 
which becomes orange-yellow on dilution with water. 


2 fi 2 
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Pseudazimides from Nitroazo-derivatives of ft-Naplrfhylctonine* 

In 1885, Zincke made the interesting discovery (Her., 1885, 18, 3132) 
that the azo-derivatives of /3-naphthylamine lost two atoms of hydro¬ 
gen on oxidation, and were converted into colourless compounds, which 
were regarded as related to Griess’s azimido-compounds (Her., 1882, 
15, 1878). According to this view they contain the group 



It has been since shown by several investigators (soo Phil. Mag., 
1887, 525 ; Noelting and Abt, Her., 1887,20,2999; Zineko and Lftw- 
son, Annalen, 240,110; Zincke and Arzberger, ibid., 249,350; Zineko 
and Campbell, ibid., 255, 339) that the azimidcs of Griess really 
belong to an isomeric series, and for the compounds produood by the 
oxidation of orthoamidoazo-compounds, Zineko lias proposed the 
name of “ pseudazimides,” the latter containing the group of nitrogen 
atoms above formulated, whilst the azimides of Griess contain the 
asymmetric group 



In order to prepare the pseudazimides from the azo-^-naphthyl- 
amine derivatives forming the subject of the present communication, 
Zincke’s method of oxidation was resorted to. Five grams of para- 
nitrobenzeneazo-^-naphfchylamine were dissolved in 400 c.c. of hot 
glacial acetic acid, and a strong aqueous solution of chromic acid was 
added in small portions till the colour of the solution had disappeared. 
The contents of the flask were cooled whenever the evolution of 
nitrogen indicated that the temperature was getting too high. In a 
properly conducted experiment, there should be no escape of nitrogen. 
When a sufficient quantity of chromic acid has boon added, the deep 
orange-red of the original solution changes to ft light greenish-yellow, 
and on diluting with water and allowing to stand for a day, the crude 
product separates as a light ochreous powder. The latter wns col¬ 
lected, washed with water, dried, and purified by crystallisation, first 
from glacial acetic acid and then from toluene. The crude substance 
is very impure, and requires several crystallisations before tho melting 
point is constant. The yield is not very good, as resinous bye- 
products are formed during the oxidation. Analysis of the purified 
substance gave the results:— 

I. 0T851 gram gave 0*4499 gram C0 2 and 0*0601 gram H*0. 
n. 0-1321 • „ 0*3198 „ „ 0-0425 

III. 0*093! „ 15*6 c.e. moist N at 14*5° and 741 mm. bar. 

3V. 0*1233 ,, 20*5 c.c. moist BT at 13° and 758*7 mm. bar. 
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Those numbers agree with those inquired by tlio formula of tho 
N 

pseudozimido, C l0 He<^>N-CoIl,*KO a (p)« 


Found. 

Calculated for / .— » —■ 


U ] 0 JU 10 JM 4 ^l 3 . JL. LJL. ILL. iV. 

C. 66-2 L 66*29 C6*03 — — 

H. 3*45 3*61 3*67 — — 

IT. 19*34 — — 19*14 19*59 


The pure compound forms flat, transparent, whitish needles melting 
at 286°, and softening a few degrees lower. Jt is quite devoid of 
basic properties, and is very sparingly soluble in alcohol, acetic acid, 
and toluene. On reduction, it appeals to give rise to a non-basic, 
insoluble compound which has not yet been investigated. 

The corresponding pscudazimide from me t au itrobenzeneazo-/$- 
naphthylamine was prepared in precisely the same way as the fore¬ 
going compound. After crystallisation from acetic acid and toluene 
alternately, it forms opaque, whitish needles melting at 223—224°. 

0*2145 gram gave 0*5199 gram CO s and 0*0694 gram HiO. 


0*0958 „ 15*7 e.o. moist N at 14° and 771*4 mm. bar. 

Calculated. Found. 

C. 66*21 66*10 

H. -3*45 3*59 

M*. 19*34 19*49 


The yield is somewhat better than in the case of the isomeric 
paranitro-compound, and the substance is more soluble in tho ordinal y 
solvents used for its purification. Wo have not as yet boon enabled 
to obtain a basic derivative from it by reduction. 

Orthouitrobenzeneazo^-naplithylamine, on oxidation with chromic 
acid, also gives a psoudazimide, but tho yield is small, and so much 
resinous impurity is produced that wo have not further investigated 
this inaction. 


Action of Nitric Acid on Azo-fi-naphthjlamine Derivatives* 

We have commenced a preliminary study of tho action of niixno 
acid on the above-named compounds, but have not yet obtained any 
information concerning the nature of the products, as the latter arc 
apparently uncrystallisable, and are all more or less explosive. Sonic 
definite change takes place, however, under the influence of this 
reagent, and the investigation will be resumed. The results thus far 
obtained are as follows 
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Paranitrobenzeneazo-^-naphthylamme was added in small portions 
to well-cooled fuming nitric acid (1*5 sp. gi*.). The substance 
dissolves at once without evolution of gas, and with the formation of 
an orange solution. The latter was allowed to stand in the cold for 
some hours, and was then poured into a large volnmo of cold water, 
when an orange, flocculent substance was thrown out. The latter 
was collected, washed with water, then with alcohol, in which it is 
but very slightly soluble, and finally allowed to dry in the air. It 
could not be crystallised from any solvent. A specimen was purified 
by dissolving in nitrobenzene and precipitating by alcohol. An 
amorphous, orange powder was thus obtained, which, when collected, 
washed with alcohol, and dried in the air, gave the following 
results:— 

0-1918 gram gave 29*5 c.c. moist N at 11° 0. and 770‘8 mm. bar. 

== 18*58 per cent. 1ST. 

0*1084 gram gave 16*6 c.c* moist N at 10’5° C. and 770*5 mm. bar. 

= 18*53 per cent. IT. 

These numbers do not agree with the formula of a mononitro- 
derivative (requiring 20*77 per cent. 3N), but rather with that of the 
unaltered compound (requiring 19*18 per cent. N). The* substance 
begins to shrink at 90°, and at 109° decomposition begins to sot in. 
If heated suddenly to this temperature, it deflagrates. 

Benzeneazo-^-naphthylamine is acted upon by faming nitric acid in 
like manner to the foregoing. The product is very similar in appear¬ 
ance and properties, and is also explosive (decomposing point about 
115°). The percentage of nitrogen in the crude substance agrees also 
more closely with that in the unaltered compound than with a nitre- 
derivative (calculated for unaltered compound, N = 17 per cent.; for 
mononitro-derivative, 19*2; found 16*74 and 17*02). Although these 
nitrated products have not yet been obtained in a state of purity, 
they seem sufficiently definite to warrant an extension of the work in 
this direction, and an examination of their products of reduction may 
perhaps throw some light on their nature. 


Action of Aldehydes on the Azo-derivatives of faNaphthykimm* 


If 0-naphthylamine is acted upon by an aldehyde so as to obtain 
the condensation product of the general formula C,oH 7 N;CH-X, the 
latter readily combines with diazotised aniline, nitmuilines, Ac., to 
form scarlet, resinous azo-compounds of the type 


p it — JN**"3T 

OioH,< N _ OHt2 . 
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These readily pass iato tlio corceapondmg triozines, 


N—N-Y 

c^r^^—uir-x’ 


on heating with acid (Moldola, Trans,, 57, 1800, 828), If, instead of 
starting with the condensation product of /3-naplithylamino and the 
aldehyde, the azo-derivative o£ /3-napkthylamino is first prepared, and 
then the latter heated with the aldohyde, the triazine is at once 
formed. This method was discovered independently by ouo of the 
authors, and by Goldschmidt and Eosell (Ber 23, 1800, 505), and 
many of the triazines have been prepared in this way, and will form 
the subject of a future communication. In the present state of the 
work, the most important point appears to bo the bearing of the 
reaction on the question of the constitution of the orthamidoazo- 
compounds. The investigators named represent the action of benz- 
aldehyde on benzeneazo-/8-naphthylamine by the equation 


N- 


Ci«h«<^ 5- h . 061T6 + c 6 ir 4 - 0 HO = ir.o + o w n e < N 


-cn-ojsr, 

■ bt-oju 


They give tho alternative fonnula C W H 0 <JL for tho 

% JN-JN 'ugJti$ 

triazine. The same triazine can, however, bo prepared from tlie 

azo-compound, (Trans., 57, 1890, 328), and as 

the benzylidcno-/?-naphthylamino which is used as tho starting point 
in this process, is unquestionably derived from a compound containing 
tho Nil* group (/8-uaphthylamino), it seems more imsonablo to 
conclude that benzoneazo-/3-naphthylamine also contains tho NIL 
group. It is impossible to write tho formula of this azo-bonzylidcne 
compound os a hydrazono, and it is not essential lor tho explanation 
of the formation of tho triazine that the azo-compound should bo 
formulated on this quiuouoid typo. The details ol* the mode of 
preparation, and tho properties of tho triazincH which, have been 
investigated, will be given subsequently. 


Tho action of halogens on the azo-derivatives of /3-naphthyiamuio 
is worthy of further attention, and experiments in this direction have 
been commenced. Lawson has studied tho action of bromine on 
benzenoazo-/i-naphthylamino ( Ber 1886,18,2424), but this compound 
undergoes complete decomposition under the influence of this reagent, 
the products being dibromo-/3-naphthylamine (m. p. 121 °) # and 

* In 1889 I commenced an investigation of this compound in injunction with 
one of my students, Mr. B. J£. 1C vans, who laid to abandon tho work boloro its 
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brominated phenol. The nitroazo-derivatives of ^-iiaplithylamine 
appear to be more stable nnder the influence of halogens. 

The experiments recorded in the present communication do no<, 
as we have already stated, furnish any conclusive proof as to the 
presence or absence of the NHj gronp in theso orfclioazo-compounds. 
One of the most forcible arguments that has been adduced in favour 
of the view that these compounds do not contain this gronp is the 
readiness with which they can be oxidised to pseudazimidos. It 
may be urged that it is extremely improbable that NH a should lose 
two atoms of hydrogen on oxidation, as in most, if not all, instances 
where such loss of hydrogen occurs the two atoms of hydrogen come 
from different atoms of the element with which the hydrogen is com* 
bined. The formulae 

z 4h> k ' t “ a x <Kh.y ” 2 <Sh-T 

are thus regarded by many chemists as being more in harmony with 
the properties of these compounds. It is, however, most probable 
that the process of oxidation does not consist simply in the removal 
of two atoms of hydrogen, but that water takes part in the reaction, 
as in so many other cases of oxidation, such as the formation of 
acids from aldehydes, of qninones from amines, paradiamiucs, par- 
amidophenols, &e. It is possible to construct numerous formulae 
representing the formation of the pseudazimide by the joint action of 
oxygen and water, even on the old view of the constitution of the 
orthamidoazo-componnds. From the view that these compounds 
contain one atom of quinquevalent nitrogen, the oxidation may bo 
represented by the scheme 



completion. Aa the research was left too incomplete for publication, the result* 
have not been made known. Claus and Philipson have, however, recently gone 
over the same ground (J. pr. Chem. [2], 43, 47), and have arrival at the same 
results, although we differ slightly in some of our molting points. The dibromo- 
naphthalene ( 1:80 obtained by us from Lawson’s dibromonaphthylaiuino, m. r>. 
321° (obtained bybrominating benzeneazo-/5-naphthylimine in ucefi» acid solution)* 
by xacaw of the diaao-reaetten with absolute alcohol, after purification \, 7 , to an,l 
distallatum mid crjstalhsatton from alcohol, formed whito (not pale yellow) needle* 
BMltmg at 59° (C. and P. giro 61°). The tribrotnonaphthalone obtained by us, 
after crystallisation from glacial acetic acid, formed small, white needles melting at 
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We have, in conclusion, to express our thanks to Messrs. Frederick 
S. Bayley and Martin 0. Forster for tlio valuable aid which they have 
rendered during the course of this investigation. 

Finsbury Technical College . 


XLTII.— On some New Addition Compounds of “ lhiocarbamidc ” which 
afford Evidence of its Constitution . 

By J. Emerson Reynolds, M.D., F.R.S., Professor of Chemistry, 
University of Dublin. 

In the course of Part IV of a series of papers on “ Silicon Com¬ 
pounds and their Derivatives ” (Trans., 1888, 53, 857), I gave some 
account of a beautiful, white, crystalline substance which was one of 
the most abundant products of the action of ethylic alcohol on the 
compound (HJtf 2 CS) H SiBr 4 , described in a previous communication 
(Trans., 1887, 61, 202). The product referred to was shown to con¬ 
sist of the elements of 4 mols. of lhiocarbamidc and 1 mol. of am¬ 
monium bromide, whilst its synthesis was effected very simply by 
heating together the two substances in the abovo proportions and in 
presence of absolute alcohol. 

It was also pointed out that other halogen compounds of ammon¬ 
ium and of some of its derivatives could be mado to unite with thio- 
carbamide, and afford substances similar to tetrathiocarbamid- 
ammonium bromide. But the members of this group of compounds 
—other than tho first—-wore only mentioned incidentally, as they 
had not been examined in detail at tho time or publication of the 
paper in which tho products of tho decomposition of tho silicon 
compound wore described. When closely studied, however, they 
proved to be of more interest than I had supposed, for it soon became 
evident that they do not all conform to a single typo, but exhibit 
significant variations in composition which is connected with tho 
peculiar constitution of thiocarbamido. 

In the following account of these compounds, 1 shall first describe 
their preparation and properties, then give a summary of these facts, 
and conclude with some considerations suggested by the evidence. 

1115° (0. ami P. give 138°). The dibroiuonaphthylaniine gave ou oxidation with 
dilute nitric acid the bromophihohe acid (m. p. 108°), that w, ( 1 a M 4 Dr(COOH)| «■ 
1:3:4. The products of oxidation of tho dibromonaplitiuilonc wore not examined 
by us. The most noteworthy character of this dibromonaphtlialcno is the readi¬ 
ness with which it passes over in a current of stcuni,- K. M.. 
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In the descriptive part, I have given some further details relating 
to the ammonium bromide compound, as an interesting practical ap¬ 
plication of the substance has recently been made by Colonel Water- 
house to the production of direct positive photographs. Ho efleetive 
is this agent in seeming the reversal of the photographic image on 
gelatino-bromide dims, that the presence of loss than iJ 0 th oi a 
grain per ounce in “ eikonogeu ” developer causes tlio negative image 
that first appears to change into a rich-colonred positive. 


Descriptive Part. 

A. Compounds of Thiocarbamide with Ammonium Haloid Salts- 

It has been already mentioned that the well-defined, crystal lint* 
solid (HiN'fcCS^NHjBr was obtained, in the fiist instance, by the 
action of ethylic alcohol on the compound which results from the 
union of silicon tetrabromide with 8 rnols. of thiocarbamide; anti 
that the same substance was subsequently prepared by the direet 
action of ammonium bromide on thiocarbamide. Tho latter or 
synthetic method is the only one with which I am now concerned; it 
afforded the best result when conducted in the 1 olio wing manner- 

10 grams of ammonium bromide were dissolved in the smallest 
quantity of hot alcohol required for its solution, and this liquid was 
added to a boiling and nearly saturated alcoholic solution containing 
30 4 grams (4 mols.) of thiocarbamide. The mixture was boiled for 
five minutes, and then allowed to cool in the containing flask. The* 
contents soon began to deposit warty aggregations of radiating 
crystals which attached themselves to the bottom and sides of the 
vessel, and, when quite cold, the whole formed a nearly solid ami 
beautiful, white, crystalline mass of chsuacteristio appearance. When 
drained, pressed, and recrystallised from alcohol, it is obtained in n 
perfectly pure state In this condition it was analysed, with tin* 
results already stated (loc. cit ). 

Tetratbiocarbamidammonium bromide melts at 173—174°, but 
begins to decompose at 178—180°. It is easily soluble in boiling 
absolute alcohol, but is so much less soluble in the cold liquid, that 
the hot saturated solution becomes nearly solid at ordinary tempera¬ 
tures. More dilute solutions, when slowly cooled, deposit tho com¬ 
pound in large and beautiful stellate groups of crystals which often 
resemble sea anemones in appearance. It is almost insoluble in 
ether, chloroform, and benzene, but is rather easily soluble in water. 
When pure, its aqueous solution can be boiled violently for half an 
hour without undergoing sensible decomposition; but if impure in 
the first instance, partial decomposition occurs. It is easily broken 
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up by boiling with dilute acids and alkalis, and is readily desulphur¬ 
ised by alkaline lead tartrate. 

Having determined the composition and principal properties of the 
tetratliioearbamide compound, it remained to bo seen whothor am¬ 
monium bromide could combine with 1, 2, or 3 mols. of tliiocarbamide 
in presence of alcohol. To test this point, throe separate experiment s 
were made, in each of which 1 molecular proportion of ammonium 
bromide was heated in alcoholic solution with 1, 2, and 3 mols. re¬ 
spectively of tliiocarbamide under precisely the same conditions as 
those which suffice for the production of the tetratliioearbamide com¬ 
pound. In each case a quantity of the totrathiocarbamidammouium 
bromide was obtained proportional to the amide added, and the excess 
of ammonium bromide separated whou the mother liquors were con¬ 
centrated. No traces were observed of any but the totra-coropound, 
under the above-mentioned conditions, or under any other hitherto 
tried. 

It therefore appears that ammonium bromide and thiocarbainido do 
not combino in any other proportion than that of 1 mol* of the 
former to 4 mols. of the amide. 

A compound of ammonium iodide with thiooatlamide was obtained 
in the same way as the bromide; that is to say, 3*6 grams of am¬ 
monium iodide and 7*0 grams of thiocarbainido (1:4 mols.) were 
dissolved in separate quantities of hot alcohol; the solutions wore 
then mixed, and the mixture boiled. Combination took placo as in 
the case of the bromide, and a similar felted mass of crystals 
separated on cooling. The product was washed with cold alcohol, 
twice recr^stallised from the same solvent, and dried. 

The melting point of the pure compound is IfcKT, but the substance 
begins to decompose at about 100°. 

I. 0*27 gram gave 0 545 BaMO*. 

II. 0*2475 gram gave 0*131 AgL 

The formula requires:— 


Theory. Found. 

S.«* . 28*50 per cent. 28*74 per cent. 

I. 28*28 „ 28*60 „ 


There is, therefore, no doubt that the compound formed by am¬ 
monium iodide is similar in composition, as well as in general 
characters, to that afforded by ammonium bromide with thiocarb- 
amidc. 

An ammonium chloride compound with thiocarbamide was prepared 
as follows :--l gram of pure ammonium chloride was dissolved in the 
least possible quantity of boiling 85 per cent, alcohol, and was added 
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to a solution, also boiling, of 6 grams (or rather more than 4 mols.) 
of thiocarbamide in alcohol. Combination took place, and a felted, 
crystalline mass separated on cooling, closely resembling tho bromide 
of ammonium compound. The substance was recrystallisod from 
boiling alcohol, washed well with cold spirit, and dried. Its molting 
point was 154°. 

A sensible excess of thiocarbamide was used in this preparation, 
and the crystalline product seems to have the power of carrying 
down with it and retaining persistently some of the free amide, and 
as repeated crystallisation from even moderately strong alcohol tends 
to decompose it, in the following sulphur and chlorine determinations 
the former is high and the halogen proportionately low. 

I. 0*3535 gram gave 0*9447 BaSO*. 

II. 0*256 „ 0*0945 AgCl. 

The formula (H^CS^NI^Cl requires:— 

Theory. Pound. 

S...... 35*80 per cent. 36*74 per cent. 

Cl. 9*93 „ 9*12 

The results indicate that the product obtained is the tetrathio- 
carbamidammonium chloride analogous to the bromide and iodide. 
It may be added that only tetrathiocarbamide compounds wore pro¬ 
duced in the cases of the iodide and chloride, as well as in that of tho 
bromide. 


B. Substituted Tkiocarbamides and Ammonium Bromide . 

Experiments were next made with substituted thiocarbamides, in 
order to ascertain whether they can form compounds with ammonium 
bromide similar to those obtained with the unsubslifcuted amide. 

The mode of operating was the same as in tho cases already de¬ 
scribed, in which definite compounds were produced, and each of the 
following mono- and di-substitutod thiocarbamides was treated with 
ammonium bromide. 


CSN 2 H 3 -CH s 

csn 2 h 3 -c 2 h 5 

CSN 2 HyC 3 H B 

CSN 2 H a -C 6 H 5 

CSN a H 2 (C e H fi ) 2 

CSN 2 H a (C b H 6 )-COCH 3 . 

In no instance was any evidence of combination obtained, even 
under the most favourable conditions, the unchanged thiocarbamides 
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crystallising out from tho solutions along with tho ammonium 
bromide used in these experiments. 

Considering tho number of substituted thiocarbnmidos examined, 
and tho variety of radicles present, it is clear that the substitution of 
even ono atom of hydrogen by an alkylic or allied group destroyed 
the power of tho compound to combine with ammonium bromide 
But it is to be noted that all tho thiocarbamides used in the exper- 
inonts were prepared by similar methods, and were doubtless of 
similar constitution. 

C. Compounds of Tetrethylammonhim Iodide and Bromide with 
Thiocarbamide. 

The last group of experiments having proved that tho introduction 
of a single alcoholic radicle into thiocarbamide wholly prevented the 
combination of tho product with ammonium bromide, the next stop 
was obviously to ascertain whether the presence of similar radicles 
in the bromide destroys its power of uniting with unchanged thio- 
carbamido. Hence a series of experiments were, made with the 
alkylammonium bromides and iodides, tho cthylic compounds being 
those chiefly employed. I shall first describe tho results obtained 
with the tetrethylammonium salts, the iodide being that first used. 

Five grams of pure tetrothylanmionium iodide wore dissolved in alco¬ 
hol and added to an alcoholic solution of 6 grams (1:4 mols.) of thio¬ 
carbamide. Tho mixture was boiled for rather more than an hour. 
When cold, no crystals were deposited, though the solution was 
strong; it was therefore distilled down sufficiently and allowed to 
cool, when a mixed crystallisation was obtained, consisting of free 
thiocarbamide with fine, prismatic crystals of a compound of tlio 
iodide with thiocarbamide, which contained more iodine than is 
required oven for a compound of only 2 mols. of tho amide with 1 of 
thoiodido, but no trace of any tetrathioearbamido compound could 
bo detected, nor was auy obtained after further attempts at combina¬ 
tion. As tho evidence pointed to the production of a dilhiocarlmmido 
compound at most, a further calculated quantity of tetrethy lammo- 
niinn iodide was added, so as to secure the proper proportions in 
solution. On crystallisation after further heating, a lino crop of 
largo, needle-liko crystals separated unmixed with free thiocarbamide. 
But the appearance of the crystals and their manner of separating 
from solution presented no similarity whatever to tho compounds of 
thiocarbamide with simple ammonium salts. Tho now substance was 
recrystallised from alcohol and carefully dried for analysis. 

The melting point of the pure compound is 185®. 

0*553 gram gave 0*644 BaSO*. 

0 3455 .. 0 1974 A*L 
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The formula (EUKaCS^CC.H^lST requires 


Theory. Found. 

I. 31‘0 per cent. 30 85 per cent. 

S..... . 15-6 „ 16 00 


There is, therefore, no doubt that a well-defined dithiocavbnmklo 
compound (and possibly a 1:1 also) is formed with totrothylammo- 
niuni iodide, but no higher product was obtained, even in presence of 
a considerable excess of thiocarbamide. 

Similar results to the foregoing were afforded by tetreihylammo- 
nium bromide; the single compound obtained separated in fine, 
rectangular prisms, which were sufficiently purified by one crystal¬ 
lisation. 

The pure compound molted at 159—160°. 

0 2845 gram gave 0*1486 AgBr. 


0-3218 „ 0-399 JBaS0 4 . 

The formula (HJ^CS^^Hs^NBr requires 

Theory. Found. 

Br . 22*09 per cent. 22*22 per cent. 

S. 17*67 „ 17-04 „ 


The solution from which this compound had separated was mixed 
with excess of thiocarbamide and heated for half an hour to boiling, 
but no traces of any tetrathiocarbamide compound was obtained in 
successive crystallisations from the liquid. The chloride seems to act 
in the same way. 

Thiocarbamide, therefore, combines with the haloid salts of 
ammonium and tetrethylammonium, but affords two pcrfoetly distinct 
classes of compounds, differing alike in characters and iu composition. 

D. Compounds of Thiocarbamide with partially substituted AlkyU 
ammonium Salts . 

The strongly contrasted results afforded by ammonium and by 
tetrethylammonium salts invested with much interest the examina¬ 
tion of any compounds that could be formed by the union of thio¬ 
carbamide with partially substituted alkylammonium salts. 

The products first obtained by the union of thiocarbamide with 
primary, secondary, and tertiary ammonium salts appeared to re¬ 
semble those prepared with the simple ammoniacal haloid salts as 
described in A, that is to say, they seemed to be compounds of the 
tetratbiocarbamidammonium type. But the analytical data obtained 
with those products were not satisfactory; hence, as soon as time 
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permitted, the work was repeated very carefully, with the results 
stated below. 

The alkylammonium salts used at first were' purchased, but those 4 
subsequently employed were prepared in my laboratory by the direct 
action of the required add on the pure amino, so that ordinary am- 
moniacal salts were excluded. I shall first describe tlie results 
obtained with the diethyl compound; the chief interest attaches to it 
as being intermediate between ammonium bromide on the one hand 
and tetralkylic bromide on the other. 

A compound of diethy lanmnon inm bromide with tlnocarb amide was 
formed when 3*8 grams of the bromide in absolute alcohol was boiled 
with a similar solution of 7*6 grams of thiocarbamide. On cooling, a 
crop of crystals was obtained which was evidently a mixture of thio¬ 
carbamide and a new compound, and contained only 12*08 per cent,, 
of Br, but 31*53 per cent, of S : whilst its melting point was not sharp, 
liquefaction commenced at 135°, and was not complete under 14*5°. 

The mother liquor, when concentrated, afforded groups of fine, thin 
prisms, resembling somewhat the ammonium bromide compound in 
its mode of separation. These crystals wore drained, slightly washed 
with absolute alcohol, and recrystallised from the same solvent. 

The molting point of this compound was sharp between 133° and 134°. 
Borne months afterwards this preparation was recrystallised and was 
found to have the same molting point. It was observed that, crystals 
began to form in the liquid at 174°. 

A complete analysis was tnado with the following results :— 

I. 0*3575 gram gave 0*2075 H a O and 0*2891 CO a . 

IT. 0*181 „ 39*3 c.c. of N at 14° and 755 mm. 

III. 0*228 „ 0*427 13aSO*. 

IV. 0*272 „ ‘ 0*131 AgBr. 

Tho formula (lI l N»OS),H^O,n 1 ) t HBr requires 



Theory. 

Found. 

0. 

... 21*99 per cent. 

22*05 per cent. 

H. 

0-28 „ 

6-44 „ 

TS . 

... 25-65 

25-23 „ 

S. 

... 25-34 

25-74 „ 

Br • •. * 

.,. 20-04 „ 

100-00 

20-49 „ 


It is to be noted that this compound is very sensitive to tho action 
of water; anhydrous alcohol must be used in its preparation, and if 
that used for recrystallisation be mneb hydrated, a mixed prodnet is 
obtained which contains free amide and, possibly, a dithiooarbamide 
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compound. Hence great care is required both in the preparation and 
purification of the trithiocarbamidediefchylammonium bromide.. 

I have not succeeded in proparing a tetrathioearbaniidodiothyl- 
ammonium bromide; if it exists in solution, it is certainly decom¬ 
posed when crystallisation takes place even from anhydrous alcohol. 
At the time my former paper was written (he. cit.), only a rapidly 
crystallised product, from a concentrated solution, had been obtained, 
and the bromine in that product was found to be near to the per¬ 
centage required for a tetra-compound, but I am not satisfied that 
the material then obtained was homogeneous. 

Diethylammonium chloride also unites with thiocarbamido and 
affords a silky mass, which, however, always contains some froo thio- 
carbamide. The best product molted about 136°, but not sharply; 
and, like the bromide, when heated to 175°, crystals began to form in 
the molten substance and increasod in amount until the whole became 
nearly solid at 180°. 

This somewhat impure material afforded 10*14 per cent, of Gi and 
29 90 per cent of S. 

A trithiocarbamide compound requires 10*51 per cent, of 01 and 
29*95 per cent, of S, whilo one containing 4 mols. of thiocarbamide 
requires 8*6 per cent, of Cl and 31 per cent, of S. The latter is, 
therefore, excluded; hence the crystalline substance examined con** 
tains a sensible proportion of free amide adherent to the chloride of 
trithiocarbamidediethylammonium, analogous to the bromide alroady 
described. 

Triethylammonium Bromide Compounds with, Thiocarbamide .—The 
earliest small experiment made with the salt and amide seemed to in¬ 
dicate that a tetrafchiocarbamide compound was formed, but when the 
work was repeated on a larger scale, and the product slowly separated 
from alcoholic solution, it was not found possible to obtain a definite 
compound with 4 mols. of thiocarbamide under the usual conditions 
of the series of experiments. In all cases free amine separated along 
with any substance produced. 

The proportion of bromide was then increased so that the solution 
contained 1 mol. to 3 of thiocarbamide, using 14 grams of the latter, 
and the materials were heated with absolute alcohol to tho boiling 
point of the latter for three hours. When the liquid was allowed to 
cool, groups of silky crystals separated, which closely resembled the 
ammonium bromide compound. Those were quickly drained off, 
washed with cold alcohol, pressed, and dried. The mother liquor, on 
standing over night, gave some more needleB and a small crop of 
thiocarbamide crystals. 

Although microscopic examination of the silky crystals showed that 
they were all of the same kind, and the ratio of bromine to sulphur 
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in them proved to bo 1 : 2*58 or, approximately, 2 : 3, slow rcerysial- 
lisatiou failed to give the original substance, bid, instead, two distinct 
forms wore obtained—ono portion consisting of groups of rather long 
prisms, resembling nitre in appearance, and the other of somewhat 
large, modified rhomboids; the latter were in smaller proportion and 
separated out more slowly, along with some more thioearbamidc. 

The nitre-like crystals were separated as far as possible by picking 
and concentration of the liquids; they were rodissolved in as small a 
quantity of strong alcohol as possible (as a large propoition of hot 
alcohol seemed to partly decompose the compound), and the crystals 
were again obtained, but in groups of smaller needles. These, 
indicated by A below, were analysed with the following results:— 

0*2490 gram gave 0*4118 gram BaSO*. 

0*2222 „ 0*1081 „ AgBr. 

When again crystallised from alcohol, a purer specimen of shorter 
crystals, marked .//, was obtained: but even when absoluto alcohol 
war. used, sumo thioearbamido separated from the mother liquor; 
gradual decomposition was found to follow further attempts at com¬ 
plete purification. The crystals wore analysed as under:— 

0 25 gram gave 0*4247 BiuS0 4 . 

0 2798,, „ 0*3 20 AgBr. 

The two sots of crystals represent the compound 
(H^OSJXOuHaJJINBr 
in somewhat different states of purity, thus :— 


Theory. J cryatuhi. B crystals. 

S . 23*41 p. c. 22*7 p. c. 23*28 p. e. 

Br. 19*51 „ 20*7 „ 19*1(3 „ 


The rhomboidal crystals which separated in small quantity along 
with the above, when washed with alcohol and recrystallisod, were 
obtained in short prisms, and consist of the compound 

(ir 4 N,t3S) 4 ((hn 6 ) a lWBr. 

0*1532 gram gave 0*089 gram AgBr = 21*72 per cent. Br. 

Theory for the above compound requires 23 91 per cent, of Br. 

The mother liquor ultimately afforded a few* lino, largo prisms 
mixed with crystals of iho other typos, which were richer still in 
bromine, but the quantity of the material obtained was too small to 
admit of satisfactory purification for analysis. 

Methyl - and j Ethyl ammonium Sails and Thiomrbamide.- -The gononi} 
results of the experiments in this direction were unexpected, as it 
vcn. LU. 2 p 
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was found that methylammoniam salts combine with thiocarbamide, 
but those of ethylammonium do not under any conditions yet 
realised. I shall first describe the experiments which led to the de¬ 
finite combination. 

3 grams of pare methylammoniiLra bromide were dissolved in the 
smallest possible qnantity of strong alcohol, and added to a boiling alco¬ 
holic solution of 7*8 grams of thiocarbamide. Combination took place 
on continued heating, and the solution when cooled became nearly 
solid, owing to the separation of a felted crystalline mass very similar 
in appearance to that afforded by ammonium bromide and the amide 
under similar conditions. This product was pressed, washed, and 
recrystallised, and when so purified was found to melt sharply at 
238°, or 35° lower than the melting point of the ammonium bromide 
compound (173—174°). 

On analysis, it afforded the following results 

0*427 gram gave 0*1915 AgBr. 

0*3897 „ „ 0*8642 BaS0 4 . 

The compound is therefore (H 4 N 2 C S) 4 ( CH 3 ) H 3 NBr, which requires 


Theory. Pound. 

S . 30*76 per cent. 30*48 per cent. 

Br . 19*23 „ 19*08 


Methylammoninm chloride gave a similar compound with tbio- 
carbamide, but it was not examined in detail. 

Experiments with eihylaramonium salts led to negative results so 
far as direct union with thiocarbamide is concerned. Ethylamine 
from various sources was used in the preparation of the salts, and the 
conditions were varied to a much greater extent than in the previous 
experiments, but without effect. 

As long continued beating to the boiling point of absolute alcohol 
under atmospheric pressure did not determine combination, 2*5 grams 
of the pure bromide and 6 grams of thiocarbamide were sealed up 
in a tube with sufficient alcohol to dissolve the whole at 70°. The 
tube and its contents were then heated at 110° for two hours, but on 
cooling no evidence of combination was obtained. The beating 
was repeated for three hours, but the temperature was maintained at 
about 135 . On cooling, the contents of the tube now became nearly 
solid, and the mass assembled the ammonium bromide compound in 
appearance. When the solid contents were twice recrystallised from 
alcohol, the product was found to contain bromine and sulphur, and 
it melted at 175 1/6°, or very slightly higher than the ammonium 
bromide compound which it so closely resembled in appearance, and 
on analysis it proved to be that body. 
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0 2056 gram gave 0 098 AgBr. 

02732 „ „ 0-1285 HjO and 0-1245 CO s . 


Theory for Theory for 

NE^Br NEtH,Br 

compound. compound. Found. 

Br. 19 98 p. c. 18*60 p. c. 20*28 p. c. 

C . 11*99 „ 16*76 „ 12*42 „ 

H. 4*96 6*58 „ 5*22 „ 


The determination of carbon wa* made because of the wide differ¬ 
ence in percentages of that element. 

There is no doubt, then, that ethylammonium bromide and 4 mols 
of thiocarbamide do not directly unite when heated with alcohol 
at 135°, but rather afford the ammonium bromide compound, with 
ethyl oxide as a necessary bye-product, according to the equation 


4H a N 2 CS + TS(C H a )H 3 Br + C 3 H 5 -OH = (H 4 N 3 CS) 4 NHJ3r + 

(C 3 H„) w O. 


Summary of the Facts. 

It has been shown that— 

1. Thiocarbamide combines with ammonium bromide, iodide, and 
chloride at the temperature of boiling alcohol, and forms character¬ 
istic compounds of the type (H 4 N 2 CS) 4 H 4 NB/. But no compounds 
could be formed under the conditions specified which contained b>ss 
than four molecular proportions of the amide to one of the ammo¬ 
nium haloid salt. 

2. The following mono- and di-substituted thiocarbamides failed to 
afford any compounds with ammonium bromide at the temperature of 
boiling alcohol, viz.: methyl-, ethyl-, allyl-, phenyl-, diphenyl-, and 
acetylphenyl-thiocarbami des. 

3. Thiocarbamide combines with tetretliylammonium bromide and 
iodide, and forms well-defined crystalline compounds of the type 
(HiNaCS^EtaNR/. But no well-defined substance could be isolated 
under any of the experimental conditions containing more than 2 mols. 
of the amide and 1 mol. of the tetrethylammoninm salt. 

4. Thiocarbamide combines with diethylammoninm bromide, and 
the well-crystallised compound (HJ^CS^EtaHiNBr was separated. 
If a tetra-compound be formed in solution, it is certainly broken 
up on slow crystallisation. 

5. Thiocarbamide also unites with triethy 1 ammonium bromide, and 
in presence of excess of amide a somewhat telted mass is obtained, 
which on recrystallisation affords two distinct crystals, namely, 
(H 5 K a CS) 3 Et 3 HN£r and (H i N 3 CS) i Et j HlSrBr. 


2 F 2 
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6 With methylammoninm bromide, thiocarbamide afforded tlie 
compotiml (H 1 X 3 CS)^IeH 3 XBr, which resembles the corresponding 
ammonium bromide componnd in appearance, but melts at a tempera- 
tare 34‘ lower. On the other hand, with rf7<//Zaramonium bromide 
no combination whatever eonld be effected, and when 4 - 1 mols. of 
the amide and salt were heated in a pressure tube with alcohol 
at 135°, ethyl oxide and tetmthiocarbamidrimmonium, b-omide were 
tlie products. 


Betn ing of the Results on the Question of the Constitution of 
Thiocarbamide. 


Unless thiocarbamide is held to be a tautomeric substance, its 
constitution may be represented by either of the following formulae, 
\iz.:— 


a-Symmetrical 


cs 4h;- 


/3-Unsymmetrical 


hn:c< 


nh 3 

SH * 


Of late tlie evidence in favour of the latter constitution has heen 
considerably strengthened, more especially by the careful work of 
Mr. Emil A. Werner carried on in my laboratory (see Trans., 1890,57, 
288). I shall now proceed to show that the facts recorded in the 
present paper supply evidence of a now kind, and altogether in favour 
of tbe p- or unsymmetrical structure—at least under the conditions 
of my experiments. 

The readiness with which ammonium bromide, iodide, and chloride 
form tolerably stable fefraihiocarbamide compounds—and only these 
—is evidently connected with the number of atoms of hydrogen in 
the ammonium haloid, that is, with the valency % of its nitrogen. This 
necessarily iuvolves tbe idea of something in the nature of substitu¬ 
tion. Moreover, the tendency to form complete and comparatively 
simple compounds of the order in question must be strong, since we 
have seen that ethyl is displaced by hydrogen when ethylamznonium 
bromide and 4 mols. of thiocarbamide are heated to 135°, the stable 
ammonium bromide compound being then formed. 

The fact that none of the mono- or di-substituted thiocarbamides 
combine with ammonium bromide under the usual conditions goes far 
to prove that neither the carbon nor sulphur of thiocarbamide are 
concerned in the linkage with the ammonium haloid. It is admitted 
thatalkylic or other radicles of substituted thiocarbamides of the 
types used are directly united with nitrogen; there is, therefore, no 
reason why the carbon or sulphur of the primary should be materially 
affected by such substitution. And farther, in regard to sulphur. 
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neither the di- nor tri-ethylammoninm bromide compounds formed 
■with thiocarbamide afforded mercaptan or alky lie sulphide or their 
products when heated to 100° with alkalis and alkaline lead solution, 
in these particulars differing materially from the action of addition 
compounds of thiocarbamides of the sulphine class. 

On the other hand, the loss of power of combination with ammonium 
bromide when but one atom of hydrogen in thiocarbamide is displaced 
by a more positive radicle, such as ethyl or phenyl, is inconsistent 
with the symmetrical constitution of thiocarbamide, which should still 
have an NH 2 group unaffected and available for union; but is quite 
consistent with its unsymmetrical structure.* In the latter case, the 
two nitrogen atoms are differently engaged, and the genesis of a 
monosuhstituted thiocarbamide from R'NICS and ammonia points to 

the structure R-N!C<^gg 3 rather than HNIC<^g^ for the product. 

Now the fact that combination takes place with facility between thio¬ 
carbamide and ammonium bromide, but not at all with ethyl- or 

phenyl-thiocarbamide, accords with the structure RN.'C<gjj 2 » 

where the presence of the positive radicle in the imidic group 
paralyses the power of combination, which appears in consequence to 
be exclusively due to the NH of the substance we have been accus¬ 
tomed to term thiocarbamide. The ammonium bromide compound 
would therefore become [NH 2 (SH)CNH 2 ]*NBr; but whether union is 
effected by breaking the double linkage of carbon and NH, or the 
change of valency of the latter, remains for determination. 

In the ammonium bromide compound, the attraction of the com¬ 
ponents seems to be at a maximum; but whilst substitution in thio¬ 
carbamide reduces it to zero, similar substitution in ammonium, 
bromide (save in the case of the ethylammonium saltf) only lessens 
the power of forming tetra-compouuds without destroying it. These 
facts seem to point to the development of quinquavalence in one of 
the nitrogen atoms of thiocarbamide iu the course of combination. 

I think the true “ thiocarbamide ” is yet to be discovered, and that 
we must revert to the name “ sulphurea ” or “ thiourea ” as the correct 
designation of the primary substance from which the above com¬ 
pounds have been obtained. 

* From a somewhat similar point of view, the production of a tetra- rather than 
a di-thiocarbamide compound is inconsistent with the symmetrical structure. 

t Whose non-combination may be more apparent than real if formed and de¬ 
composed at nearly the same temperature level. 
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XLIY._ Action of Acetic Anhydride on Substituted Thiocarbamides, and 

on an Improved Method for Preparing Aromatic Thioearbimides. 

Bj Emil A. Werner, Assistant Lecturer in Chemistry, Trinity 
Coliege, University of Dublin. 

Dcring the progress of an investigation, part of which has already 
appeared in this Journal (Trans., Ife90, 283), on the “Action of the 
Alkylogens on certain Substituted Thiocarbamides,” an experiment 
was made, in the hope of obtaining an acetylated diphenylthiocarb- 

aznide, of the composition 6 5 » for the subject of 

further study. 

This experiment, described below, was the origin of the investiga¬ 
tion detailed in the following pages. 

Since the action of acetic anhydride on mono-substituted thiocarb¬ 
amides is well known to take place in accordance with the equation 

C0< NH 3 CH/CO^ 0 ” CS< NH-CO-CH a + CH * C00H > 

a similar reaction, using diphenylthiocarbamide, seemed the most 
promising method for obtaining the desired derivative. Hence, with 
this object in view, the primary experiment was carried out as fol¬ 
lows :— 

Action of Acetic Anhydride on Symmetrical Diphenylthiocarbamide. 

Exp. 1. In a flask, furnished with a reflux condenser, 10 grams of 
the urea and 10 grams of acetic anhydride were mixed, and the mix¬ 
ture heated to boiling for two hours. The quantity of the anhydride 
used represents a slight excess over 2 molecular proportions, and, 
whilst it is scarcely sufficient to even moisten the urea in the cold, the 
latter enters completely into solution before the boiling point (138°) 
of the anhydride is reached. 

The product, which had assumed a dark, reddish-brown colour 
during the ebullition, smelt distinctly of phenylthiocarbimide; it 
was, therefore, while still warm, mixed with about five times its 
weight of hot water, and immediately subjected to distillation in a 
current of steam. After half an hour’s distillation, no perceptible 
amount of the thiocarbimide was obtained, the quantity being merely 
sufficient to impart its characteristic odour to the aqueous distillate. 
The residue in the distillation flask was completely dissolved in a 
sufficient amount of boilirg water, and the hot solution quickly 
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filtered from a trace of dark-brown, tarry matter. On cooling, a 
considerable quantity of beautiful, flat, glistening prisms separated; 
these, after being collected and dried, -were found to possess all the 
appearance and properties of acetanilide. 

The crystals melt at 112—113°; m. p. of acetanilide, 112°. A 
combustion of a specimen purified by recrystallisation from benzene 
placed the identity of the substance beyond doubt. 

0*2440 gram gave 22'6 c.c. nitrogen at 10° and 749*5 mm. 


0*2442 „ 0*154 gram H s O, 0 636 gram CO.*. 

Found. Theory for acetanilide. 

O. 71*02 per cent. 71*11 per cent. 

H. 7*00 „ 6*66 

N. 10*87 „ 10*37 


From the original mother liquor, two crops of crystals and a final 
residue were obtained ; in each case, after purification, the substance 
melted at 112—114°, and possessed the properties of acetanilide. 

Therefore the principal product of the action of acetic anhydride 
on sulphocarbanilide, under the above conditions, is simply acet¬ 
anilide, the sulphur of the urea being expelled in a gaseous form. 
The fact that phenylthiocarbimide was recognised in the product 
suggested at once that the acetanilide of the foregoing experiment 
was the result of at least two distinct actions, namely:— 

(1.) CS<*J®p£ + <g<g>0 = CHyCO-NHPh + CHyCOOH 

+ PhNCS. 

(2.) CHyCOOH + PMTCS = CHyCO-ITHPk + COS * 

Whether the first equation is preceded by the formation of the 
desired acetylated derivative of the urea, is a question which has 

* This equation calls for a few remarks, before proceeding further. The inter¬ 
action of glacial acetic acid and phony lthiocarbimide lias already been the subject 
of single, but by no means exhaustive, experiments by Hofmann (Her., 3,770), and 
later on by Claus and Voeltzkow (Her., 14,445). According to the former, the pro¬ 
ducts are diacetanilide, C0 2 , and H 2 8, whilst the latter state that acetanilide, Ho3, 
COS, and C0 2 are the products. In connection with the present work, I have made 
a careful re-investigation of the subject (the results will shortly bo given in a 
separate paper), and find that pure acetic acid and phenylthiocarbimide interact 
in strict accordance with the above equation. Moreover, I find that the substance 
hitherto described as diacetanilide is simply acetanilide, the former being unknown 
up to the present time, and while I have made several different experiments in the 
hope of isolating that compound, I believe that I have been so far unsuccessful, 
and I may add that my results in this direction are quite in agreement with those 
recently published by Dr. J. B. Cohen (Trans., 1891, 59,67) concerning the isolation 
of dibenzaniiide; indeed unexpected difficulties appear to surround the preparation 
of the ( * dianilides.” 
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been decisively answered in the negative by the results of the ex¬ 
periments recorded in the present paper. 

The total weight of acetanilide obtained was 9*8 grams, theory 
being 11*84 grams. The deficiency is explained— 

1st. By the fact that some of the thiocarbimide escaped decompo¬ 
sition, and some probably volatilised with the COS gas. 

2nd. I find that acetanilide is, to a slight extent, volatilised unde¬ 
composed in a current of steam. 

And while, so far as it affects the results of the present investigation, 
it may be assumed that acetanilide was the sole crystalline product of 
the reaction, on the other hand, I have little doubt that a very small 
quantity of a second body accompanies the acetanilide, resulting (as 
I have ascertained by direct experiments) from a slight secondary 
reaction between acetic anhydride and the phenylthiocarbimide; 
this body, which bears a great resemblance to acetanilide, I have not 
yet identified; it may suffice, for the present, to say that it is not di¬ 
acetanilide, as might have been expected, but a substance richer in 
nitrogen than acetanilide itself, and raising the melting point of the 
latter by its presence. 

Exp. 2. An experiment was now conducted with a view of ascer¬ 
taining how far this rather remarkable decomposition of sulphocarb- 
anilide by acetic anhydride is under control; in other words, does 
the second stage of the decomposition commence only on the comple¬ 
tion of the first, or does it immediately succeed the initial phase in 
this decomposition, and are the two reactions, therefore, for ail practi¬ 
cal purposes, proceeding simultaneously ? 

The same quantities of material were used as before, the ebullition 
was continued until the gas evolved at the tqp of the vertical con¬ 
denser produced a slight blackening od a piece of bibulous paper 
moistened with an alkaline lead solution, or ammonio-nitrate of 
silver, tests for COS. This occurred at the end of seven und a half 
minutes boiling, and marked the commencement of the second stage 
in the decomposition. The product was immediately treated with 
hot water, and subjected to steam-distillation. Phenylthiocarbimide 
in quantity quickly passed over into the receiver, and, after 40—50 
minutes distillation, its separation from the residue was practically 
complete. It was easily collected by subsidence, and, after removal 
by means of a separating funnel and subsequent exposure for a short 
time over oil of vitriol, it was weighed with the following result:— 

Theoretical yield of PhNCS = 5*92 grams. 

Weight obtained = 5*40 grams = 91*21 per cent, of theoretical. 

The weight of acetanilide obtained from the residue in the distillation 
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flask was 6‘03 grams, that is, a slight excess over the theoretical 
(5*92 grams) calculated on the first equation only . This proved that 
the latter had been slightly overstepped, even in the above experi¬ 
ment, and that by a small redaction in the period of ebullition a still 
sharper result was to be hoped tor. 

Exp. 3. Ten grams each of sulphocarbanilide and acetic anhydr¬ 
ide. Period of ebullition, Jive min utes . 

Product treated with water, and immediately steam-distilled. 

Phenylthiocarbimide obtained = 5*72 grams or 96*62 per cent, 
of theoretical. 

Acetanilide, crude, obtained = 5*78 grams or 97 62 per cent, of 
theoretical. 

To attempt any great accuracy in the estimation of either product 
was considered superfluous; bearing in mind the modest aim of the 
experiment, and considering the rather small scale on which the ex¬ 
periment was conducted, I think the above results prove conclusively 
that the two stages in the decomposition of thiocarbanilide by acetic 
anhydride are sharply marked. 

The firsst stage is fully realised after five minutes ebullitioti at 138°, 
before the second stage has time to enter on its course. While we 
have, therefore, in the above reaction a much more rapid and pro¬ 
ductive method of preparing phenylthiocarbimide than has been 
hitherto known, the yield of it is, on the other hand, remarkably sen¬ 
sitive to the influence of time under the above conditions of tempera¬ 
ture, and unless the conditions under Exp. 3 be strictly observed, 
an almost theoretical yield of the thiocarbimide will not be obtained. 

The rate at which the second equation proceeds, when once started, 
is shown in the results of the following series of experiments (in 
which I have included Exps. 2 and 3). 

The yield of phenylthiocarbimide alone is given, and I may just add 
that the deficiency of the thiocarbimide below five minutes is due to 
incomplete decomposition of the thiocarbanilide, whilst in all other 
cases it is due to the second stage of the decomposition, the propor¬ 
tion of acetanilide increasing in pi*oportion to the diminution in the 
yield of thiocarbimide. 

Yields of Phenylthiocarbimide from Sul/phocarbanilide at the Boiling 
* Point of Acetic Anhydride. 

10 grams of the urea used. Theoretical yield of the thiocarbimide 
5*92 grams. 
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Weight of the 

Percentage of 


Time. 

thiocarbimide. 

theoretical. 

Exp. 4. 

2i minutes. 

5*47 grams. 

92'39 per ceut. 

„ 3. 

«> » 

5-72 „ 

96 62 „ 

o 

» 

71 „ 

5-40 „ 

9121 

„ 5. 

15 

3-90 

6o - 87 u 

„ 6. 

30 „ 

2-20 „ 

37-16 

„ 7. 

45 „ 

0-42 „ 

7-09 „ 

„ 8. 

60 „ 

0-00 „ 

o-oo 


A graphic representation, of the rate of fall in the yield of the 
fchiocarbimide is shown in the curve in Fig. 1, plotted from these 
results. 


Fie. 1.—Curves illustrating influence of time on the yield of phenyl mustard oil 
from sulphocarhamlide at 100° and 138° C. respectively. 



The decomposition of sulphoearbanilide by the anhydride, at the 
temperature of the water-bath, was next studied. 

The following are the details of the first experiment carried out 
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under these conditions, in the last hope of obtaining an acetylated 
derivative. 

Exp. 9.—10 grams of the nrea and 10 grams of the anhydride 
were slowly heated on the water-bath; dissolution of the urea com¬ 
menced at 75°, and was just complete when the temperature had 
reached 97°. Bight minutes were required for the heating from 75° 
to 97°. The product was at once removed from the source of heat, 
water added, and mixture subjected to steam-distillation, 

Phenylthiocarbimide obtained, 5*4 grams = 91*21 per cent. 

Acetanilide „ 5*42 „ = 91*55 „ 

while 0*42 gram of unchanged thiocarbanilide was obtained as a 
residue insoluble in boiling water. 

This almost theoretic decomposition of thiocarbanilide under such 
“ mild ” conditions is without parallel in any of the reactions hitherto 
studied for the production of the thiocarbimide. 

The remaining experiments show that the yield of the thiocarb¬ 
imide is not materially affected by prolonged heating on the water- 
bath* 


Yield of Fhenylthiocarbimide at 100°. 


Time. 

Exp. 10. 3 minutes. 
„ 11 . 20 „ 

„ 12. 40 „ 


Weight of the 
thiocarbimide. 


5*42 grams. 
5*58 „ 

5-72 „ 


Percentage of 
theoretical. 


91*55 per cent. 

94*25 

96*62 


Hence, as regards the yield of thiocarbimide, the same result is 
obtained, either by heating at 138° for five minutes, or at 100° for 
40 minutes. 

Prom the results of the second series of experiments the two follow¬ 
ing conclusions are arrived at:— 

1. The mere act of dissolving thiocarbanilide in acetic anhydride 
is accompanied by simultaneous decomposition into thiocarbimide 
and acetanilide, and there is therefore no acetylated urea formed. 

2. At 100°, the decomposition is restricted to a single stage, and 
the yield of thiocarbimide is not diminished by increasing the time of 
heating. 

In order to establish, if possible, the generic character of the 
decomposition just investigated, the action of acetic anhydride on the 
three symmetrical ditolylthiocarbamides, and on metadixylylthio** 
carbamide, was next studied. 

The experiments were carried out in exactly the same manner as 
those already described; I have contented myself by giving the 
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yields of the thiocarbimide alone in each case, and I may just add 
that the variations in the yield of “ acctotoluides ” and fc< acetoxylide ” 
follow the same order as in the case of the acetanilide. 


Acetic Anhydride and Diorthotolylthiocarbamide. 

The symmetrical thiocarbamide nsed in the following experiments 
was prepared from orthotoluidine and carbon bisulphide. In each 
case. 12*8 grams of the thiocarbamide were heated with 10*2 grams of 
acetic anhydride, this being in the proportion of 1 mol. of the urea 
and 2 mols. of the anhydride. 


Yields of Orthotolylthiocarbimide from CS^H’CtB^ at the Boiling 
Point of Acetic Anhydride . 

Theoretical yield of C 6 H4(CH 3 )*K0S [1 : 2] 7*45 grams. 


Time. 

Exp. 13. 5 minutes. 

„ 14. 15 

,, 15. 30 M 

3) 16. 50 ,» 


Weight of the 
thiocarbimide. 
7‘22 grams. 
7-10 „ 

7-05 „ 

6-55 


Percentage of 
theoretical. 
96*91 per cent. 
95*30 
94*63 
87*91 


F ig. —Curves illustrating the influence of time on the yield of mustard oils from the three 
isomeric ditolylthiocarbamides, and from the isomeric dibenzjlthiocarbamide, at the 
boiling point of acetic anhydride. 
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Hence, while five minutes ebullition, the same conditions as in the 
case of thiocarbanilide, give the best yield of thiocarbimide, the rate 
at which the latter disappears from secondary decomposition is 
extremely slow. 

A graphic representation of this is given in the curve, Fig. 2 
(p. 402). 


Acetic Anhydride and Dimetatolylthiocarb amide. 

The symmetrical thiocarbamide used in these experiments was pre¬ 
pared from metatoluidine and carbon bisulphide. 

The quantity of material at my disposal was very limited in this 
case; hence the experiments were carried out on a smaller scale than 
was otherwise desirable. 

The quantities used were 8 grams of diraetatolylthiocarbamide 
and 6 4 grams of acetic anhydride, the molecular ratios being the same 
as before. 


Yields of Metatolylthiocarbimide from CS (NH^H^wz]^ at the Boiling 
Point of Acetic Anhydride . 

Theoretical yield of C 6 H4(CH 3 )*1TCS [1: 3] 4*65 grams. 


Time. 


Exp. 17. 5 minutes. 


18. 10 
19. 30 


» 


Weight of the 
thiocarbimide. 
4*07 grams. 
3-82 „ 

2-80 


Percentage of 
theoretical. 

87*52 per cent. 
82*15 
60*21 


Here again, five minutes ebullition afforded the best yield of the 
thiocaz’bimide, and whilst the latter is not so high as might have been 
expected, this I attribute in great measure to the small scale of the 
experiments, the unavoidable loss in the collection of the thiocarb¬ 
imide introducing an unfavourable source of eiTor which is magnified 
on acconnt of the small quantities of the thiocarbimide actually 
yielded. 

In this case it is seen that, while the rate of fall in the yield of 
thiocarbimide is mnch more rapid than in the case of the isomeric 
orthotolylthiocarhamide, it proceeds at only about half the rate as 
compared with sulphocarbanilide. 


Acetic Anhydride and Dvparatolylihiocarbamide . 

The thiocarbamide used was prepared from paratoluidine and 
carbon bisulphide. 
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In this case the quantities used were the same as in the case of 
the orthotolyl isomer, 

Namely, i2 8 grams diparatolylthiocarbamide and 10*2 grams acetic 
anhydride. 

Yields of Paratolylfhiocarbimide from CS(NH*C 7 H 7 [^])2 at the Boiling 
Point of Acetic Anhydride. 

Theoretical yield of C 6 H 4 (CH 3 )-N'CS [1:4] 7 45 grams. 


Weight of the Percentage of 

Time. thiocarbimide. theoretical. 


Exp. 20. 

5 minutes. 

6-37 

grams. 

85*50 per cent. 

„ 21. 

74 „ 

5-85 

» 

78*52 

„ 22. 

10 „ 

5-57 

59 

74*76 

„ 23. 

20 

5-02 

59 

67 38 

„ 24. 

40 „ 

415 

99 

55*70 

„ 25. 

60 „ 

0-85 

59 

11*40 

Whilst here again 

the best yield of thiocarbimide has been after 


five minutes ebullition, yet it is not quite so high as might have been 
expected; this is due in the case of the diparatolylthiocarbamide to 
the fact that the second stage of the decomposition commences its 
course before the first stage has beer fully completed. 

In support of this statement, I shall give the weights of par- 
acetotolnide (m. p. 146*5°) recovered from Exps. 20 and 21 respec¬ 
tively. 

Calculated on the first decomposition only, viz.:— 

CS<~ + CH,00 >0 = C ’ H ’- NCS + oh,co-nh-c,h t 

+ 0B,-coon. 

The theoretic ll yield of paracetoioluide is 7*45 grams. 

Exp. 20. Paracetotoluide obtained 7*2 grams. 

E*p. 21. „ „ 8-15 „ 

In addition, 0 51 gram of unchanged diparatolylthiocarbamide was 
recovered from Exp. 20, a proof that the first stage of the decomposi¬ 
tion was not yet complete ; on the other hand, tBe slight excess in the 
yield of paracetotoluide after an increase of only two and a half 
minutes ebullition, proves that the second stage of the reaction had 
already commenced. 

Acetic Anhydride and MetadiscylyltMocarbamide. 

The thiocarbamide was prepared from commercial pure meta- 
xylidine boiling at 212° and carbon bisulphide. 'The quantities used 
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in each experiment were 12 grams of the urea and 8*7 grams of the 
anhydride. 


Yields of Metaxylylthiocarbimide from CS(NH>C 8 H 9 ) 2 at the Boiling 
« Point of Acetic Anhydride . 

Theoretical yield of C 6 H 3 (CH 3 ) 2 *NCS [1:3:4] 6*88 grams. 


Tune. 

Exp. 26. 5 minutes. 

„ 27. 10 „ 

„ 28. 20 „ 

„ 29. 40 „ 

„ 30. 60 „ 


Weight of the 
thiocarbimide. 


6*05 grams. 
6-00 „ 
6-52 ., 

4-80 „ 

4-40 „ 


Percentage of 
theoretical. 


87 93 per cent. 


87-20 

8023 

69-76 


» 

JJ 


63*95 


Five minutes ebullition in this case also has afforded the best yield 
of the thiocarbimide, bat for the same reasons as in the case of the 
paratolylthiocarbimide. I have not been able to obtain a higher yield. 
The rate at which the second reaction proceeds is nearly as slow as 
with orthoditolvlthiocarbamide. 

The results are shown in the form of a curve, in Eig. 2 (p 402). 

Metaxylylthiocarbimide forms crystals which melt at 31*5°; it 
possesses very little odour. 

As proof that no acetylated thiocarbamide is formed from the four 
ureas just studied, I give the results of experiments carried out at 
tfye temperature of the water-bath. 

The quantities used were the same as before, the mixture was 
heated on the boiling water-bath until the last portions of the urea 
had just dissolved, and the product immediately steam-distilled. 

The degrees of solubility being different, the actual time of heating 
varies in each case. 


Yield of Thiocarbimides at 100°. 
OriAotolylthiocarbamide— 


Time. 

Weight of the 
thiocarbimide. 

Percentage of 
theoretical. 

Exp. 31. 10 minutes. 

o 95 grams. 

79*86 per cent. 

Mefritolylthiocarbamide— 
Tune. 

Exp. 32. 8 minutes. 

4*00 grams. 

86*02 per cent. 

Parotolylthiocarbamide— 
Tune. 

Exp. 33. 20 minutes. 

6*15 grams, 

82*54 per cent. 
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JJTefaxyly Ifchiocarbami de— 

Weight of the Percentage of 

Time. thiot arbimide. theoretical. 

Exp. 34. 30 minutes. 6*00 grams. 87*20 per cenk 

In encli case, a small amount o£ the unalteietl thiocarbamide was 
i*ecovered. 

Having established the reaction, as general, for the aromatic thio- 
carbamides, the question whether the fatty derivatives are susceptible 
of a similar sharp decomposition was next studied. 

Acetic Anhydride ancl Dibenzyl thiocarbamide . 

A quantity of symmetrical dibenzylthiocarbamide was prepared by 
heating the thiocarbamate, resulting from the interaction of benzyl- 
amine and carbon bisulphide, until hydrogen sulphide ceased to bj 
evolved. 

Pure dibenzylthiocarbamide melts at 146°, and not at 114°, as 
stated by Strakosch. The melting point was verified with a specimen 
prepared directly from benzylthiocarbimide and benzylamine. 

I shall give the details of the first experiment in full, as the general 
results differ considerably from those hitherto obtained. 

B#p. 35. Quantities employed, 12*8 grams dibenzylthiocarbamide 
and 10*2 grams acetic anhydride. 

The proportion of anhydride is just sufficient to completely dis¬ 
solve the urea before the commencement of the ebullition. 

The mixture was heated to boiling for ten minutes , water added, 
and immediately subjected to steam-distillation. 

■Weight of benzylthiocarbimide obtained = 0*9 gram = 12*08 per 
cent, of theoretical. 

In this, and succeeding experiments, it was found best to estimate 
the quantity of the thiocarbimide by conversion into monobenzylthio- 
carbamide by means of alcoholic ammonia. 

From the residue in the distillation fiask, boiling water extracted 
only 0 98 gram of a substance, which, after purification, melted 
at 57—58°, and possessed the properties of benzylacetamide, 
CH 3 -CONH-CH 2 Ph; m. p. 57°. 

The final residue, forming the main bulk of the product, was dis¬ 
solved iu the minimum quantity of boiling alcohol; from the solution, 
small, well-defined, rhombic prisms quickly separated on cooling. 

After three crystallisations from alcohol, a specimen of the new 
substance was obtained for analysis, in perfectly colourless crystals 
melting at 93°. 

The following data prove the substance to be the expected acetyl - 
dibenzylthiocarbamide , 0S(NH*CH2*C 6 H 6 )(N*C0-CH 3 *0H2*0 6 H 4 ):— 
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I. 0*2383 gram srave by C arms’ method, followed by fusion with 
KNOj, 0*1895 gram BaS0 4 . 

II. 0*2307 gram gave 20*5 c.c. nitrogen at 12° and 714*5 mm. 


, Theory for acetyl- 

Found. dibenzyltliioearbamidi 

S. 10*91 per cent. 11*34 per cent. 

N. 10*26 „ 9*91 „ 


The total weight of crude product obtained was 12*2 grams. 

Aeetyldibenzylthiocarbamide is readily soluble in alcohol, ether, 
chloroform, and benzene, moderately in carbon bisulphide and prac¬ 
tically insoluble in water. 

The alcoholic solution is not desulphurised by boiling with alkaline 
lead solutions; with ammoniacal silver nitrate, it gives a white preci¬ 
pitate in the cold ; this is only slowly blackened on boiling. 

Under normal pressure, the urea partly decomposes on distilla&on, 
yielding between 175 and 180°, a dark-red oil, comparatively rich in 
sulphur, whilst between 180 and 190°, the distillate solidifies to a crys¬ 
talline substance, which, after purification, forms colourless cry stals 
melting at 60—61°, and free from sulphur. The nature of the decom¬ 
position has not yet been investigated, but the chief point of interest 
for the present lies in the fact that not even the odour of benzyl- 
thiocarbimide was recognised during the whole time of distilling 
the thiocarbamide. 

Whilst the results of the foregoing experiment show that an acetyl- 
ated derivative is the first product of the action of acetic anhydride 
on dibenzylthiocarbamide,* yet the facts show that the derivative in 
question is susceptible of a secondary decomposition under the con¬ 
ditions of the experiment, whereby some thiocarbimide is generated. 

Direct experiment has shown that when acetyldibenzylthiocarb- 
amide is heated to boiling with either glacial acetic acid or acetic 
anhydride, it is decomposed slowly into the thiocarbimide and benzyl- 
acetamide. 

Attempts to obtain a high yield of thiocarbimide have proved un¬ 
successful, the third stage iu the decomposition (corresponding to 
the second stage of the aromatic thiocarbamides) proceeding almost 
simultaneously with the generation of the mustard oil. 

The following are the results:— 

Yields of BenzyUhiocarhimide from Dibenzylthiocavl\amide at the Boilmg 
Point of Acetic Anhydride. 

Theoretical yield of C 6 H 5 *CH 2 *]NCS, 7*45 grains. 

* Though dibenzylthiocarbamido contains the phenyl group, yet its general 
behaviour is that of a purely tatty thiocarbamide. 

VOL. LIX. 2 Gt 
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Weight of the 


Time. thiocarbumde. 

Exp. 35. 10 minutes. U*9 grain. 

., 36. 40 ., 1-66 „ 

„ 37. 50 ,. 1« .. 

„ 38. 60 .. 143 .. 

„ 39. 80 ., 134 .. 

„ 40. 120 „ 0-00 .. 


Percentage of 
theoretical. 
12*08 per cent. 
22*33 
25*23 
19*19 
18*04 
00*00 


In Exp. 40, where the heating was prolonged for two honrs, tlic 
final product was simply pare henzylacetamide, CH 3 ’CO - NH'(JH 5 Pli, 
the result of three distinct reactions, viz.:— 


(1.) CS(NH'0H 3 *0»H 5 ) s + (CHj*CO)jO = 

+ CHj - C00H - 

(-•) OS<gg^?:H? H2 * CbH3 + OH.-OOOH = 

C 6 H 6 -CH 3 *NCS + C b H 5 *CH a -im s + (CH 4 -CO)/>. 
(3.) C 6 H 5 -CMCS + CH 3 -COOH== CH 3 -C0-]m-CH 3 -C6H 3 

+ cos* 


A curve showing the comparison of the yield of the thiocarbimide 
with the three isomeric ditolylthiocarbamides is given in Fig. 2 
(p. 402). 


Acetijhnonobenzyliltiocarlamvie* 

This compound was incidentally prepared by boiling monobenzyl- 
thiocarbamide with 2 molecular proportions of acetic anhydride for 
half an hour with reflux condenser. It crystallises readily from 
alcohol in small, colourless, thin, shining prisms melting at 
129—130°. 

Analytical data:— 

0*2S2 gram gave 0*3174 gram BaS0 4 . 

Theory for 

Found. Cb(KE-CH 2 Ph) (NH-COCEQ. 

S.. ISA? per cent. 15*38 per cent. 

Acetylbenzylthiocarbamide is readily soluble in hot alcohol, rather 
sparingly in the cold, easily soluble in chloroform, ether, and in warm 
benzene, practically insolnble in water. 

Unlike the corresponding dibenzyl derivative, its alcoholic solution 
is easily desulphurised on boiling it with alkaline lead solution, and 
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with ammoniacal silver nitrate it gives a white precipitate in the 
cold, which darkens on standing, and is immediately blackened on 
boiling. 

On distillation, it decomposes, yielding CH/CO-NCS and benzyl- 
amine, and also benzylthiocarbimide and acetamide. 

Acetic Anhydride and Diethylthiocarbamide. 

In this case, the results, though somewhat better as regards the 
yield of thiocarbimide, resemble on the whole the experiments with 
dibenzylthiocarbamide. Although an acetylated derivative is no 
doubt first formed, I have not yet separated it from the accompanying 
ethylacetamide. 

The diethylthiocarbamide was prepared directly from etbylamine 
and ethylthiocarbimide. 


Yields of Ethylthiocarbimide from Diethylthiocarbamide at the Boiling 
Point of Acetic Anhydride . 


Quantities used, 6*6 grams of CS(NH*CjH 6 ) 2 and 10*2 grams 
(CH 3 -00) 2 0. 

Theoretical yield of CoH^NCS, 4*35 grams. 

The thiocarbimide was estimated by conversion into ethylthiocarb- 
amide. 


Exp. 41. 
„ 42. 
„ 43. 


Time. 

10 minutes. 
30 „ 

50 „ 


Weight of the 
thiocarbimide. 


0*75 gram. 
1*77 „ 

2-02 „ 


Percentage of 
theoretical. 

17*24 per cent. 

40*68 

46*58 


Want of material prevented me from carrying the experiments 
further, and they are so far incomplete, as the fail in the yield of 
mustard oil has not yet been reached. 

A summary of the results arrived at in the present investigation 
may be stated as follows : — 

When the symmetrical bisubstituted aromatic thiocarbamides are 
heated with acetic anhydride— 

1. No acetylated derivative of the thiocarbamide is produced. 

2. The mere dissolution of the thiocarbamide in the anhydride is 

accompanied by simultaneous decomposition into an “anilide 9 ’ 
and a thiocarbimide in accordance with the equation 

CS(NHE) 2 + (OH 3 *CO) s O = E-NOS + OH 3 *CONHR + 

CHa-COOH. 

2 a 2 
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3. Five minutes heating at the boiling point of acetic anhydride 

gives an almost theoretical yield of the thiocarbimide. 

4. An extension of the time of heating indnees secondary reaction 

between the thiocarbimide and acetic acid, whereby the yield 
of the former is diminished, 

RNCS + CH/COOH = CH -GOETHE. + COS. 

In the case of the fatty thiocarbamides— 

1. A well-defined aeetylated thiouarbamide is first produced. 

:2. Further heating gives rise to the formation of a thiocarbimide, 
but the yield of the latter is not high, on account of the 
secondary action proceeding simultaneously with the genera¬ 
tion of the thiocarbimide. 

3. Prolonged heating gives a substituted amide as final product, 
the result of three distinct actions. 

University Laboratory , Trinity Colleyr, Lublin. 


XLY.-CONTRIBUTIONS FROM THE RESEARCH LABORA¬ 
TORY OF THE PHARMACEUTICAL SOCIETY OF 
GREAT BRITAIN. 

The Action of Alkalis on the Xtiro-compounds of the Paraffin Series. 

Formation of Isoxazoles . 

By Professor Wyxdh.vh R. DuNbTAN and T. S. Dymond. 

In 1888 we communicated to the Society (Proc., 1888, 117) a pre¬ 
liminary account of a remarkable reaction which we had observed to 
occur when nitroethane is warmed with aqueous solutions of alkali 
carbonates or hydroxides. The reaction was first observed in the 
autumn of 1887, when we had occasion to prepare some quantity of ethyl 
nitrite and nitroethane by acting on silver nitrite with ethyl iodide. 
The nitroethane was dried by digestion with, and distillation from, 
potassium carbonate, and after nearly all the nitroethane had been 
obtained, an aromatic oily substance (G\,H 9 NO) passed over into the 
distillate. The brownish residue contained potassium nitrite. We 
could find no record of this reaction having been previously observed, 
and it soon became evident that the aromatic body belonged to a new 
class of organic compounds. We learned subsequently that the Russian 
chemist Sokoloff was also engaged in examining the action of alkalis 
on the paraffinic nitro-compounds, and that he had communicated an 
account of his experiments to the Russian Chemical Society (J*. Puss. 
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Ghem. Soc 1887, 374; 1888, 498). Sokoloff: liad isolated and partly 
examined the new compound which he had produced by heating 
nitroethane with alcoholic ammonia in closed tubes. On comparing 
Sokoloffs results with those we had obtained, it became evident that 
he had not completely examined the nature of the reaction, and had, 
as we shall proceed to show, overlooked one of the most important 
products, namely, acetonitrile. Moreover, he does not appear to have 
investigated the constitution of the new compound. We therefore 
decided to continue the enquiry, and we now have the honour to lay 
before the Society a full account of the work we have done up to the 
present time. We have fully examined the products of the action of 
alkalis on nitroethane, and have investigated the properties and modes 
of decomposition of the new compound which results from this action. 
We have also succeeded in ascertaining the constitution of this sub¬ 
stance, and in effecting its synthesis by an entirely independent 
reaction. In addition, preliminary experiments have been made with 
nitromethane, nitropropane, and other nitro-derivatives belonging to 
the same series. 


I.—Action oi Alkalis on NianoETFANE. 

Action of Alkali Carbonates and Hydroxides . 

Dry potassium carbonate is without action on dry nitroethane. 
When, however, nitroethane is allowed to stand with a strong 
aqueous solution of potassium carbonate, the mixture becomes yellow, 
and potassium hydrogen carbonate separates in crystals. On 
warming the mixture, it darkens, and carbon dioxide is evolved. 
A brownish-yellow oil, corresponding with about one-tliird of the 
nitroethane taken, i*emains on the surface of the solution, which 
now contains abundance of nitrite and a little ammonia, but no 
nitrate. If the mixture has been warmed for some hours, the 
whole of the nitroethane is decomposed, and no further change 
occurs on boiling. The oily layer, after having been dried with 
potassium carbonate, may be separated by fractional distillation 
into two parts. A fraction is obtained, boiling between 75° and 80°, 
and a second large fraction between 1G0° and 170°; a brown, resinous 
substance remains undistilled. By repeated distillation, the first 
fraction is resolved into a liquid boiling between 77° and 81°, which 
possesses all the properties of acetonitrile. It burns with a crimson 
flame, and is decomposed by ebullition with acids and alkalis, in the 
latter case with the evolution of ammonia. The acetonitrile was 
evidently contaminated with a trace of some substance which lowered 
its boiling point. To remove this impurity, it was distilled from a 
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crystal of potassium dichromate and a few drops of dilute sulphuric 
acid. The purified liquid now boiled at 81°, which is the boiling 
point of acetonitrile. Since the quantity obtained was too small for 
ultimate analysis, proof of its identity with acetonitrile was obtained 
by heating it with aqueous alkali and isolating the product of hydro¬ 
lysis. As soon as the evolution of ammonia had ceased, the alkaline 
liquid was neutralised with dilute nitric acid, evaporated, and decom¬ 
posed with silver nitrate. The resulting silver salt was crystallised 
from water and analysed. It contained 63*4 per cent, of silver; 
calculated for AgCaHjDj, 64*6 per cent. The acetonitrile appears to 
constitute about 20 per cent, (by volume) of the liquid resulting from 
the action of potassium carbonate on nitroethane. A little is decom¬ 
posed by the alkali during the reaction, and this probably accounts 
for the small quantity of ammonia which is invariably formed. 

The higher fraction of the original liquid consists of the new com¬ 
pound. Its properties will he fully described in a later section of 
this paper. 

The amonnt of potassium nitrite formed in this reaction has been 
carefully estimated. It constitutes 16*2 per cent, of the resulting 
products, that is to say, one-half of the nitrogen of the nitroethane 
appears in this form. 

Sodium carbonate, like potassium carbonate, is decomposed by 
nitroethane even in the cold, with the production of sodium nitroethane 
and carbon dioxide, which forms sodium hydrogen carbonate with the 
excess of the carbonate. On warming, action proceeds further, with 
formation of sodium nitrite , acetonitrile , and the new compound. 

The ability of nitroethane to decompose alkali carbonates even in 
the cold does not appear to have been previously noticed. 

Warm aqueous soda and potash rapidly convert nitroethane into 
potassium nitrite, the new compound, ammonia, acetic acid, and a 
quantity of brown resin; the ammonia and acetic acid resulting from 
the hydrolysis of the acetonitrile which is first formed. Alcoholic 
potash and soda also produce the new compound from nitroethane. 
Aldehyde is simultaneously formed, together with nitrite and the brown 
resin. Calcium hydroxide does not act on nitroethane. 

Action of Ammonia. 

Formation of Ammonium Nitroethane. 

No ammonium analogue of sodium nitroethane has hitherto been 
obtained. While examining the action of ammonia on nitroethane, 
it was found that at 0° diy ammonia readily united with nitroethane 
to form a crystalline compound. Some difficulty was experienced in 
determining the exact composition of this substance, since, although it 
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does not quickly melt at ordinary temperatures, loss of ammonia occurs 
even when it is being dried in the cold. The following method of 
preparing the compound for analysis proved successful. Nitroethane 
was mixed with about four times its volume of dry ether; the mixture 
was cooled to about —20°, and dry ammonia gas passed through it 
until crystals ceased to form. The crystals were then rapidly collected 
with the aid of a pump, and quickly washed with ice-cold dry ether. 
They were then thrown out on a piece of paper, and when the ether had 
completely evaporated, were transferred to a weighed stoppered bottle. 

The snow-like mass of tabular crystals is almost neutral to litmus, 
but on standing at the ordinary temperature it slowly loses ammonia. 

The cold, aqueous solution is at first only very faintly, if at all, 
alkaline, but by degrees ammonia is set free. The composition of 
the substance was ascertained by titrating an aqueous solution with 
dilute sulphuric acid (1100 c.c. = H 2 S0 4 ), which slowly combines 
with the ammonia and liberates nitroetliane. 

Weight of substance taken. 1*751 grams. 

Standard sulphuric acid required . 10 c.c. 

Ammonia in componnd.. 17*6 per cent. 

Calculated for C 2 H 4 (NH 4> )NO.>.... 18*4 „ • 

When the crystals are heated, they decompose into ammonia and 
nitroethane, but in the absence of water no condensation occurs, even 
when the experiment is made at 100° in a closed tube. 

Aqueous ammonia and aqueous ethylamine act on nitroethane 
much less energetically than potassium and sodium carbonates. 
When strong aqueous ammonia is used, change occurs very slowly; 
indeed, it is necessary to heat the mixture in closed tubes at 110—120° 
in order to complete the reaction. The products are ammonium 
nitrite, acetonitrile, and the new compound. Alcoholic ammonia has 
a similar effect, producing aldehyde in addition to these substances. 


Physical vnd Chemical Properties of the New Compound. 

The new compound obtained in the manner above described is a 
colourless liquid, having a relative density of 0*986 at 15°/15°. It 
boils at 171° (corr.) with slight decomposition, forming a resinous 
substance, and slowly darkens when exposed to light. 

Distilled under reduced pressure (250 mm.), about one-half came 
over between 134° and 135°; this fraction had a relative density of 
0*9956 at 4°/4°, 0*9859 at 15°/15°, 0*9788 at 25°/25°. The remainder 
of the liquid distilled between 135° and 136*5°, and its relative density 
was 0*9956 at 4°/4°, 0*986 at 13°/15°, 0*9788 at 25°/25°. The corre- 
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spondence in the densities of the two fractions pioves that the liquid 
is a single substance. When super-cooled, it freezes to a mass of 
crystals which melt at 3*5°. 

On combustion, the substance afFoi ded the following data, the carbon 
and liydiogen being determined in a current of oxygen, and the nitio- 
gen by burning with copper and copper oxide in a Sprcngel vacuum, 

I, Substance taken, 0*1978 gram; H 2 0 found, 0*1504 gram; CO.* 
found, 0*4683 gram. 

II. Substance taken, 0*3840 gram: found, 40 c.c. at 17° and 

764 mm 

Calculated for 
C 6 H 9 NO. 

C. 03*9 per cent. 64*8 per cent. 

H. 84 „ 81 

1ST. 12*15 ,, 12 6 

The molecular weight was determined hy Raoult’s method with 
acetic acid and benzene as the solvents. The following lesults weie 
obtained:— 


Benzene as the Solvent . 

Wt. of substance ... 0*1322 gram. 

Wt. of solvent . 10*1446 „ 

Freezing point of solvent. 5*833° 

Freezing point of solution. 5*25° 

Depression for 1 gram of substance to 

100 grams of solvent. 0*447° 


Molecular depression of benzene, 49; hence molecular weight of sub- 
aq 

stance, rr-j-' = 109*5. Calculated for C 6 H s NO, 111. 

0447 


Acetic Acid as the Solvent . 

Wt. of substance .. 0*134 gram. 

Wt. of solvent... ] 2*9416 „ 

Freezing point of solvent.. 14*65° 

Freezing point of solution. 14*3° 

Depression for 1 gram of substance to 
100 grams of solvent. . 0*33b° 


Molecular depression of aceti id, 39; hence molecular weight of 
oa 

substance, — 11 ^* Calculated for C 6 H M 1TO, 111. 

We are indebted to Dr. Perkin and to Dr. Gladstone for having 
determined the mag netic rotation and the refractive indices of this 
compound!. 
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Magnetic Rotation . 

Relative densities, 0*9953 at 4°/4°; 0*9850 at 15715°; 0*9784 at 

25725% 

Rotation^. 

i. Sp. rot. 

15*5° 1*0879 

15*5 1*0824 

14*7 1*0824 

14*7 1*0804 

20*0 1*0837 

19*5 1*0823 

19*5 1*0823 

Average., 17*0 1*0837 0*792 

Dr. Perkin remarks tliat the calculated value for the formula 
CgHcjNO is about 0*278, which is 0*514 lower than that actually found; 
this might indicate that the compound is unsaturated to the extent of 
four equivalents of hydrogen (H 4 ). 



Specific Refraction. 

Found. Calculated- 

— A JL_ 

r --* t --\ 

Temp. Rel.dens. /«a. /<r. pa. Ps. Ra. Rh - a. Ra. Rh-a. 

20*5 0*9802 1*4473 1-4008 1*4673 1*4733 50*65 2*95 50*8 2*92 

The refractive indices, ;t, have been determined for the lines A, F, 
G, and H. The molecular reflection, R, is given for the line A, and 
also the difference (molecular dispersion) between this number and 
that indicating the molecular refraction for the line H. The .calcu¬ 
lated values have been obtained on the supposition that the compound 
is unsatorated, the lower value for oxygen being taken, and the 
nitrogen reckoned as having the same value as in nitriles. The usual 
addition has been made of 2-2 for doubly-linked carbon for the line A* 
and of 3 for the line H. The correspondence between the observed 
and calculated molecular refraction and dispersion is remarkable. 

The liquid has no action on a ray of polarised light. It dissolves 
sparingly in water, and distils with it. Alcohol, ether, chloroform, 
benzene, and light petroleum dissolve it freely. It has feebly 
basic properties, but is without action on libmns. Acids, if not 
too dilute, dissolve it and the resulting solutions have not the charac¬ 
teristic aromatic smell of the original liquid. These salt-solutions 
are decomposed by the addition of water, and on heating the 
solutions the original substance distils with the water. When dry 
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hydrochloric acid gas is led into the -well-cooled substance, .a crystal¬ 
line hydrochloride, C 6 H 9 N0,HC1, is formed. When auric chloride is 
added to a solution of the hydrochloride, a crystalline precipitate is 
obtained, if the solution does not contain a large excess of hydro¬ 
chloric add. These crystals are best prepared by mixing aqueous 
solutions of gold chloride and the original substance. They contain 
45*4 per cent, of gold, and are therefore a compound of the original 
substance with gold chloride. The formula C b H 9 NO,AuCl 3 requires 
45*1 per cent, of gold, which agrees well with the number found. An 
unstable platinochloride can also be obtained. 

A characteristic reaction of the substance is the formation of a 
crystalline compound with mercuric chloride. When an aqueous 
solution of this salt is added to an aqueous solution of the substance, 
a white, crystalline, sparingly soluble precipitate is produced. This 
compound is difficult to dry without losing a little of the base. A 
specimen dried on a porous tile over calcium chloride contained 51 per 
cent, of mercury; calculated for CsHgNC^HgCl?, 52 per cent. The 
base slowly volatilises from the compound when it is exposed to air, 
and the aqueous solution is completely decomposed when heated, 
the base distilling over with the water. The preparation of this 
compound constitutes an excellent method of identifying and purify¬ 
ing the base, the washed precipitate being distilled with water, when 
nearly the whole of the base condenses with the first portions of the 
steam, and floats as an oil on the surface of the liquid, from which it 
may readily be separated, and the small quantity which remains dis¬ 
solved can be extracted with ether. By carefully distilling an 
ethereal solution, the whole of the ether may he removed, and a 
residue of the pure base obtained. The base has no action on a 
hot solution of silver nitrate even in the presence of ammonia, nor 
does it form a derivative with either hydroxylamine or phenylhydr- 
azine. Nitrous acid does not attack it, and it does not give the 
Liebermann reaction with phenol and sulphuric acid. No compound 
with picric acid could be obtained, and the pine-splinter reaction 
gives no coloration. Acetyl and benzoyl chlorides are without action 
on the base even when heated with it. 

1 rom these reactions, it may he inferred that the nitrogen in the 
compound is not present in the form of a nitro- or nitroso-group, 
nor as amidogen. The substance does not appear to be a pyrrol 
derivative, an aldehyde, a ketone, or a hydroxyl derivative. It is 
isomeric with acetopropyl cyanide and also with “ acrolein-ammonia,” 
to which, however, it bears no resemblance. In order to obtain 
farther^ knowledge of its constitution, its behaviour when heated 
with acids and alkalis was studied, and its oxidation and reduction 
products were examined. 
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Action of Alkalis and Acids. 

The alkali carbonates are without action on the compound, even 
at its boiling point. Concentrated solutions of ammonia and potash 
fail to dissolve it. Heated with strong potash for some hours in a 
closed tube at 100—120°, some darkening occurs, but nearly the 
whole of the compound may be recovered unchanged. With alcoholic 
soda, in a closed tube at 180°, there is a little action, and a small 
quantity of ammonia and acetic acid are produced. 

In order to ascertain whether the compound is hydrolysed or other¬ 
wise attacked by strong acids it was dissolved, in concentrated hydro¬ 
chloric acid, and the liquid heated for one hour in a closed tube at 
100°. No effect having been produced, the temperature was raised 
to 130°, and the heating continued for 48 hours. Slight darkening 
occurred, but on distilling the liquid with water the greater part of 
the substance was recovered unchanged, together with a little acetic 
acid. Evaporation of the remaining acid solution left a small residue, 
consisting chiefly of ammonium chloride, together with a minute 
amount of a hydrochloride soluble in absolute alcohol. This was 
evidently the salt of a feeble base, since, on boiling it with water, 
some of the base was volatilised. We have not yet succeeded in ob¬ 
taining sufficient of this compound, which has a characteristic odour, 
for examination. It is formed in small quantity by the action of 
dehydrating agents on the original substance. 

Ordinary nitric acid dissolves the compound with formation of an 
unstable nitrate which is decomposed on dilution with water. When 
the solution in nitric acid is heated, oxidation occurs, but without the 
previous formation of a nitro-compound. All attempts to prepare a 
nitro-componnd failed. Cold fuming nitric acid dissolves the sub¬ 
stance, but on adding water the base is regenerated. 

Oxidation Products. 

Oxidation by Potassium Permanganate. 

A solution of potassium permanganate at once attacks the sub¬ 
stance. 5 grains of the liquid were oxidised by warming with a 
slight excess of permanganate, and the filtered liquid was acidified 
with dilute sulphuric acid and distilled. An acid smelling like acetic 
acid passed over, and towards the end of the operation, when the 
liquid became concentrated, nitric add distilled. The distillate was 
neutralised and evaporated, when potassium nitrate crystallised. The 
remaining liquid, mixed with silver nitrate, yielded a crystalline silver 
salt, which was proved by analysis to be stiver acetate . It contained 
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04*5 per cent, of silver; silver acetate contains 64*6 per cent. By 
evaporating the liquid which had yielded these crystals, a further 
quantity was obtained, which was albO proved to be silver acetate. 
Xo other acid could be detected either in this solution or in the liquid 
which remained after distillation. 


Ojl idution ly Nitric Acid . 

Warm nitric acid oxidised the compound, nitrous fumes being 
evolved, together with traces of hydrogen cyanide. As soon as action 
had ceased, the liquid was cooled, when crystals of oxalic acid sepa¬ 
rated. On distillation, acetic add was obtained, and recognised by 
conversion into the silver salt, which contained 64*8 per cent, of 
silver, the calculated quantity being 64*6 per cent. Xo silver salt 
other than the acetate was formed, the last fraction of crystals con¬ 
taining 64*5 per cent. o£ silver. Xo formic acid could be detected. 

Unsuccessful attempts were made to obtain intermediate oxidation 
products by the limited action of permanganate and nitric acid, and 
also by the action of silver oxide. 


Reduction Peoducts. 

It eduction by Heated Zinc . 

Six grams of the liquid were reduced by distillation over zinc-dust 
heated to low redness in a combustion tube, provided first with a 
bulb for collecting liquid products, and secondly with a gas burettt 
filled with mercury to receive the considerable quantity of gaseous pro¬ 
duct. There condensed in the bulb about 3 c.c. of an almost colourless, 
liquid having an alkaline reaction. The alkalinity was proved to be 
due for the most part to ammonia . The greater part of the liquid 
distilled rather below 100°, and this was repeatedly fractionated, the 
portions boiling between 75 3 and 85" being finally distilled from phos¬ 
phoric oxide. The liquid now boiled constantly at 80—81®, and 
possessed all the properties of acetonitrile . Proof that it was this 
substance was obtained by hydrolysis with potash; ammonia was 
evolved, whilst the remaining liquid afforded a silver salt, which was 
shown by analysis to be silver acetate, with which it exactly corre¬ 
sponded in its chemical properties. The amount of silver found by 
analysis was 65*3 per cent., the calculated quantity for silver acetate 
being 64*6 per cent. 

Besides acetonitrile, a small quantity of a weak base resulted from 
the reduction. The gas which had been collected was a mixture of 
methane, ethane, and hydrogen. 
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Reduction by Metal and Acid . 

The compound is remarkable for the manner in which it with¬ 
stands the attack of the usual reducing agents. 

To a mixture of tin and hydrochloric acid, from which hydrogen 
was being briskly evolved, 5 grams of the substance was gradually 
added. After action had continued for some hours, the liquid was 
diluted with water and distilled. Nearly the whole of the substance 
was recovered. In other experiments the compound was dissolved 
in concentrated hydrochloric acid, and small pieces of tin added from 
time to time. Under these conditions also there was but little 
change; a small quantity of ammonium chloride was produced, but 
the greater part of the substance was unattacked. 

A mixture of the substance with somewhat diluted sulphuric acid 
and granulated zinc, allowed to stand for some days, led to no better 
result, a little ammonia and acetic acid being formed. 

When zinc-dust was added in small quantities at a time to a mix¬ 
ture of the compound with diluted sulphuric acid, rather more action 
occurred; ammonia and acetic acid were produced, together with a 
substance, probably an alcohol, of which sufficient could not be 
obtained to enable it to be identified. Amalgamated aluminium foil 
{prepared by immersing the foil in solution of mercuric chloride) was 
next tried as a reducing agent. In the absence of acid, it acted 
extremely slowly, but after some days’ contact with a warm aqueous 
solution of the compound, some reduction had occurred. Ammonia 
and acetic acid had been formed, together with what appeared to be 
'secondary butyl alcohol , but the amount of substance produced was 
insufficient for analysis. Amalgamated aluminium acted more 
rapidly in presence of dilute sulphm*ic acid, and here again ammonia, 
acetic acid, and a liquid having ihe properties of secondary butyl 
alcohol were produced, but, as in the previous experiment, enough of 
the alcohol could not be obtained to render analysis possible. 


Reduction by Hy dr iodic Add . 

The substance was dissolved in an excess of concentrated hydriodic 
acid, a little amorphous phosphorus added, and the mixture heated 
at 50° in a closed tube for 17 hours; no change occurred. The tem¬ 
perature was then raised to 100°, and the heating continued for 
one hour. No change being produced, the mixture was heated at 
180°, but without effect. After having been exposed to the higher 
temperature of 200° for some hours, the contents of the tube were 
diluted with water and distilled. A considerable quantity of the 
original compound was recovered unchanged. Some action had, 
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however, occurred, since ammonium iodide was detected in the 
aqueous liquid, but the other decomposition products were not formed 
in sufficient quantity to enable them to be separated and identified 
Among them was the feeble base which we have already referred 
to as originating in the action of strong acids and dehydrating agents 
on the compound. 


Reduction by Sodium . 

Sodium amalgam has very little action either on an aqueous or on 
an alcoholic solution of the substance; the nitrogen appears to be 
extremely slowly split off as ammonia. 

By adding small pieces of sodium to an ethereal solution of the 
compound, standing over a small quantity of water kept below 15°, 
we have succeeded in effecting its reduction, and have obtained a 
crystalline dihydride . When the reduction is effected in this 
manner, no hydrogen is evolved, but the thin fragments of sodium 
acting at the juncture of the two layers become surrounded with a 
white, crystalline crust. If the temperature rises during the action, 
or if the action is too energetic, hydrogen is evolved, and the crystal¬ 
line solid is decomposed with the liberation of ammonia. 

The crystalline compound may be extracted from the liquid by 
means of chloroform, in which it is very soluble. An ethereal solu¬ 
tion deposits well-defined, prismatic crystals melting at 110° (corr.), 
or they may be obtained by adding light petroleum to a solution in 
chloroform. The following results were afforded by the combustion 
of a number of different specimens of this substance:— 

I. 0*1487 gram substance (crystallised from ether) gave 0*3390 
gram C0 2 and 0*1340 gram H.O. 

II. 0*12(52 gram substance (crystallised from ether) gave 0*2897 
gram C0 3 and 0*1168 gram H 2 0. 

III. 0*2185 gram substance (crystallised from ether) gave 0*505 

gram C0 2 and 0 2012 gram ILO. 

IV. 0*2212 gram substance (crystallised from ether) gave 0*5072 

gram 0O 2 and 0*2026 gram H a O. 

V. 0*1667 gram substance (crystallised from ether) gave 18 c.c. 
Ni at 12° and 757 mm. 

VI. 0*1526 gram substance (precipitated by light petroleum from 
a solution in chloroform) gave 0*3551 gram C0 2 and 
0*1488 gram ILO. 

VII. 0*1542 gram substance (precipitated by light petroleum from 
a solution in chloroform) gave 0*3594 gram CO* and 
0*1510 gram H 2 0. 
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I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

Calculated for 
C ( ,H u NO. 

0.. 

62*34 

62*60 

63*03 

62*53 

— 

63*46 

63*56 

63*71 per cent. 

H.. 

10*01 

1028 

10*23 

10*17 

— 

10*83 

10*88 

9*73 „ 

N.. 

— 

— 

—- 

— 

12*75 

— 

— 

12 39 *„ 


The molecular weight of this dihydride was determined by Raoult’s 
method, using benzene as the solvent. 



I. 

II. 

III. 

Wt. of substance. 

0-0476 

0-0405 

0*0899 gram. 

TVt. of solvent. 

5-3795 

5-670 

5-670 

Freezing point of solvent.... 

5-59° 

5*59° 

5-59° 

Freezing point of solution.... 
Depression for 1 gram of sub¬ 

5-20' 

5-275° 

4-90° 

stance to 100 grams of solvent 

0-440° 

0-441 r 

0-435° 

Mol. depression of benzene .. 

49 

49 

49 

Mol. wt. of substance. 

111-3 

111 

132 6 


Mean of the three determinations .... 111*6 

Calculated for CeHnNO. 113*0 


The crystals dissolve readily in alcohol and chlorofoim, less readily 
in light petroleum. Cold water dissolves them slowly, hot water 
more quickly, but with some decomposition and evolution of ammonia. 
The aqueous solution is faintly alkaline to litmus, and produces with 
mercuric chloride an abundant white precipitate. Picric acid does 
not precipitate the solution, which also fails to give the pine splinter 
reaction for pyrrol. Alkalis and acids at once decompose the aqueous 
solution, in the former case with abundant production of ammonia. 

On heating with water in a closed tube at 100°, the dihydride is 
decomposed into ammonium acetate and methyl ethyl ketone in accord¬ 
ance with the equation C 6 HnNO + 2H>0 = CHyCO*ONH 4 + 
CHyCOC 2 H 0 . The ketone was identified by its boiling point (76—78°) 
and its single oxidation product, acetic acid; on oxidation with 
chromic acid, the distillate, after saturation with silver oxide, afforded 
pure silver acetate, the solution being fractionally crystallised, and 
the first and last fractions analysed with the following results:— 

Percentage of silver in first fraction of salt, 641; percentage of 
silver in last fraction, 647; percentage of silver in silver acetate, 
64*7. 

The ammonium acetate was characterised by conversion into the 
silver salt, which was found to contain 64*3 per cent, of silver. 
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Aciion op Pho.sphoeocs and Phosphoric Chlorides. 

Phosphorous chloride does not attack tlie compound, even when 
strongly heated with it. 

Phosphoric chloride does not react in the cold, but when the 
mixture is heated at 100° a complicated reaction ensues, hydrogen 
chloride is evolved, and phosphorous chloride distils, together with a 
mixture of cbloro-derivatives. A considerable quantity of resin and 
some ammonium chloride are also produced. One of the cbloro- 
derivatives is an oily liquid, having a most irritating effect on the 
eyes and mucous membrane of the nose. It distilled with steam, but 
could not be distilled alone without decomposition, even under 
reduced pressure. This compound contained 25T per cent, of chlorine, 
and is therefore probably a monochloro-derivative of the parent 
substance; the formula C 6 H b ClNO requires 24*3 per cent, of 
chlorine. 

All attempts to replace by chlorine the single atom of oxygen 
which the original compound contains were failures. Although the 
phosphoric chloride was caused to react under various conditions, the 
result was always the production of chloro-derivatives containing 
oxygen, whilst, owing to the simultaneous occurrence of a more pro¬ 
found change, resin and ammonium chloride were also formed. 


AuiOX OF IHD HVLOliENb. 

Dry chlorine, free from hydrogen chloride, was passed into the 
cooled liquid. As soon as the chlorine was no longer absorbed, the 
current of gas was stopped, and any free halogen the liquid might 
contain removed by exposure in a vacuum. No hydrogen chloride 
was evolved. The oily liquid had a pungent, aromatic odour. When 
heated, it darkened with evolution of hydrogen chloride, and even 
when it was distilled under i educed pressure, some change occurred, 
resulting in the sepaiation of hydrogen chloride and the formation of 
resin. The washed and dried liquid was therefore first analysed 
without distillation. It contained 47\ w ) per cent, of chlorine. The 
liquid was now distilled under reduced pressure, the greater part of 
it was obtained near 130° (127 mm.); a little hydrogen chloride 
•escaped. Some resin was produced, and also a small quantity of the 
highly irritating ch loro-derivative which had been found to result from 
the action of phosphoric chloride. The liquid which had distilled at 
130° was purified by shaking with aqueous sodium hydrogen carbon¬ 
ate to i*emove acid, the chlorine compound dissolved from the solution 
with ether, the ether well washed with water and dried with calcium 
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chloride. The residue left on the distillation of the ether was then 
analysed. It contained 47*9 per cent, of chlorine. 

The liquid resulting from the action of chlorine on the original 
compound therefore seems to be a mixture of two chlorides , a dicliloride 
and a tetrachloride . The formula CJEUSTOCl^ requires 39*01 per cent, 
of chlorine; the formula C 6 H 9 NOCh, 56*1 per cent. These compounds 
are unstable, and are decomposed when heated, forming, among other 
substances, the pungent chloro-derivative already alluded to and 
ammonium chloride. The action of alkalis on these chlorides also 
leads to the separation of the nitrogen as ammonia. 

The action of bromine on the original substance is similar to that 
of chlorine. The addition of bromine causes the evolution of heat, 
but no hydrogen bromide is produced. On distilling the liquid, to 
which about half its volume of bromine has been added, under 
reduced pressure (8 mm.), the liquid, which distils near 100°, 
solidifies to a mass of six-sided, tabular crystals. Simultaneously 
hydrogen bromide is slowly formed, and a pungent, tear-exciting oil 
passes into the distillate. It was not found possible to recrystallise 
the solid from any solvent; the crystals were, therefore, washed with 
ether and analysed. They contained 52 per cent, of bromine, and 
were, therefore, probably an impure dibromide of the original sub¬ 
stance. The formula C 6 H 9 NOBr 2 requires 58*9 per cent, of bromine. 
On heating this bromide with water, it was converted into a highly 
irritating bromo-derivative (CeHsBrNO ?), closely resembling the 
chloro-derivative which has already been described; resin and am¬ 
monium bromide were also formed. 

The results obtained by acting on the compound with chlorine 
and bromine leave no doubt as to its ability to form additive 
compounds with the halogens, and prove it to be an unsaturated 
compound. 

Owing to the very great difficulty of obtaining satisfactory evidence 
of the purity of these unstable halogen compounds, the formal© we 
have suggested above require further confirmation. The complete 
investigation of the complicated reactions with chlorine, bromine, and 
phosphoric chloride, which in this case acts like the halogens, would 
need much larger quantities of material than we have had at our 
disposal. 


Constitution of the Compound. 

The reactions of the compound are opposed to the view that it is a 
pyridine or pyrrol derivative, and they do not correspond with those 
of a keto-cyanide, acetopropyl cyanide, or propionylethyl cyanide; 
these compounds dissolve in ammonia, and are readily and com- 
VOL. lix. 2 H 



424 DUNSTAN AND DTMOND : TEE ACTION OP ALKALIS 


pletely hydrolysed by fixed alkalis, the acetopropyl compound 
yielding ammonia together with acetic and butyric acids, and tho pro- 
pionyletliyl compound, ammonia and propionic acid. The properties 
of the substance point to the conclusion that the nitrogen, as well as 
the oxygen, forms part of a closed ring of carbon atoms. When we 
first made this inference from our experimental results, no paraffinic 


jg^Q_Q 

representatives of this class of compounds, the oxazoles, 

It CN.ufi 


had been prepared, although benzene derivatives having this consti¬ 
tution had been obtained and investigated, among other workers, by 
Japp and bis collaborateurs. The phenyl analogue of the nitro-ethane 
derivative, assuming it to be ail oxazole, is the “benzilam” of 
Laurent, the true formula and constitution of which was established 
by Japp, 


CoH 5 * C~C *C b H-, 

Iff O 

oc 6 h, 

Triphenylo xazole 
(Benzilain). 


GH/Cz=C*CH 3 

n- 6 
V' 
OCH, 

Tnmetliyloxazole. 


A remarkable resemblance may be traced in the characters of 
benzilain and those of our compound. On oxidation, benzilam yields 
benzoic acid, whilst the new compound yields acetic acid. Both sub¬ 
stances are distinguished by their great stability, being almost un¬ 
acted on by strong acids and alkalis. The reduction products of 
benzilain do not appear to have been investigated, but, like our com¬ 
pound, it seems to be very difficult to attack. From its constitution, 
it may be inferred that if it were reduced the nitrogen would appoar 
as an amine, probably as benzylamine, whilst under similar conditions 
our compound might be expected to yield othylamine. The line 
through the formalin indicates the direction that the change would 
probably take. * 


c c ivc=fC’ 


CeH, 


cn. 


N}0 

*o-c„h* 


■C*C' 

I i i 

N | O 

•' C-CH. 


CH. 


Reduction of tripheny loxazolo. Reduction of trimothyloxazole. 


* The results -which Schatzmann (Annalen, 261, 7) has just published on the 
reduction of the tliiazoles, confirm the correctness of this inference. 
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We have carefully searched for an amine among the reduction pro 
ducts of our compound, but have not been able to detect a trace of 
such a substance. The nitrogen is separated exclusively as ammonia. 
We must, therefore, conclude that although the compound is closely 
allied to, it is nevertheless distinct from the oxazoles. The recent 
work of Hantzsch and the Zurich School on these compounds has 
since made it possible for us to devise a method of preparing tri- 
methyloxazole, and to show that it is not identical with our com¬ 
pound. Lewy (jBer., 21, 925) has shown that methylphenyloxazole 
may be obtained by heating bromacetophenone with acetamide :— 


C b H a -CO-CH,Br 

NHOH 

%/ 

C-CHs 

Bromacetoplicnone. 

Acetamide. 


C«H/C—CH 

A 6 + H,0 + HBr. 

C'CH) 

Bheny lmetliylo\azole. 


It follows from this that bromethyl methyl ketone should react with 
acetamide, forming trimethyloxazole :— 


CH/CO*C( CH,)HBr CH/CmC-CH, 

NH OH = hT 6 4* H 3 0 + HBr. 

C'CH, OCH 3 


Brometliyl methyl ketone. Trimethyloxazole. 

Acetamide. 


Brom-ethyl methyl ketone was prepared by oxidising secondary 
butyl alcohol with chromic acid. The resulting ketone was purified 
by means of its hydrogen sodium sulphite compound. The calculated 
amount of bromine was added in small portions to a weighed quantity 
of the ketone. Action rapidly occurred, the bromine being de¬ 
colorised and hydrogen bromide evolved. The bromo-derivative was 
dissolved ont with ether, and the solvent removed by distillation. 
The bromo-derivative, which cannot be distilled under ordinary 
pressure without decomposition, was heated with excess of acetamide 
in a closed tube at 120—130° for one hour. The contents of the tube 
were distilled with water, when a liquid was obtained having feebly 
basic properties, and in many other respects resembling the nitro- 
ethane derivative, hut differing entirely from it in its odour and 
physical properties. Crystalline compounds with mercuric chloride 
and auric chloride were obtained. Since the base was not identical 
with our compound, its properties were not further examined. 

The behaviour of the nitroethane derivative on reduction suggests 
that its molecular constitution differs from that of an oxazole in con- 

2 n 2 
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CH/CZlO-CET, 

taming oxygen in union with nitrogen. The formula 

correctly summarises all the reactions of the substance, its feebly 
basic properties, its ability to combine directly with hydrogen and 
with the halogens, its oxidation to acetic acid by permanganate, and 
to acetic and oxalic acids by nitric acid, and also the formation of 
ammonia and secondary butyl alcohol on reduction, as well as the 
remarkable hydrolysis of the dihydride into ammonium acetate and 
methyl ethyl ketone, when the “ ring 5J is split in the direction 
indicated by the line which has been drawn through the formula :— 


CH 


The production of secondary butyl alcohol on reduction is, of course, 
due to the hydrogenation of this ketone. The molecular refraction 
and magnetic rotation of the original substance do not help us to adopt 
this formula, chiefly because these properties have not been examined 
in other bodies of similar constitution: so that no data exist for com¬ 
parison. They are, however, not inconsistent with this view of the 
structure of the compound, and they do distinctly confirm the 
existence of nnsaturated carbon which this formula assumes. 


m 

x/ 

NH 


SlKlHESIS OF THE CuMPOVXV FROM MeTHYLACETYIACC'IONL. 

"When we commenced this inquiry, no compound having this con¬ 
stitution had been obtained, either in the paraffin or benzene series, 
but, more recently, Claisen (Ber., 21, 18) has described a substance 
produced by the dehydration of the hydroxime of benzoylacetone, to 

HC~C*CH 3 

which lie has assigned the formula C fi H/C O ? an( j classified. 

N 

as a monazole. 

Bnt neither in this communication nor in later papers by Claisen r s 
pupils (Zedel, Ber., 21, 2178), is any information given about the 
reactions of these compounds. Their oxidation and reduction products 
do not appear to have been studied, and the constitution assigned to 
them is supported almost entirely by evidence derived from syntheti¬ 
cal experiments. We were, therefore, unable to ascertain how far the 
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reactions of our compound corresponded with those of the substance 
obtained by Claisen. Accepting as correct Claisen’s inferences as to 
the mode of production of the monazoles from the symmetrical 
diketones, we attempted to prepare the derivative of nitroethane 
by a reaction analogous to that by means of which he obtained phenyl- 
methylmonazole* or phenylmethylisoxazole, namely, by the action 
of kydroxylamine on methylacetylacetone (diacetylethane), which 
should, e,c hypothesis lead to the formation of our compound, if it were 
trimethylisoxazole. The reaction may be represented as occurring 
in two stages: the first, in which the monhydroxime of the diketone 
is produced, and the second, in which this hydroxime undergoes 
dehydration. 


(i) CH 3 -CO-CH(CH3)*CO-CH 3 + NH 3 OH = 

Metbj laeetylacetone. 

ch 3 -co*ch(ch 3 )-o(cho:n‘oh + h 2 o ; 


ch 3 -c=c-ch 3 

(ii) CHjCOCH(CH 3 )*C(CHj)INOH = H 2 0 + CH a -C O 

Methylacetjlacetonoxnne. V 


or more graphically 


Trimethylisoxazole. 


ch 3 -c:]no ; h 

OHj-C / , H. 
CHj-o/ , 0 

Dehydration of monhydroxime. 


Aceiylacetone was prepared by Claisen’s method {Ber., 22, 1014), 
a mixture of ethyl acetate and acetone being decomposed with 
sodium, 


CH/CO-O-CjHs CHa-COCHs + Na = CH/CO-CHNa-CO-CH 3 

+ g 2 h 5 -oh. 


The sodium acetylaeetone thus obtained was converted into the in¬ 
soluble, purple copper salt, which was collected, washed, and the 
diketone liberated from it by the addition of diluted sulphuric acid. 
The compound was extracted with ether, and then distilled from the 
solution after it had been dried with calcium chloride. The acetyl- 
acetone boils, apparently with slight decomposition, at 136°. 


* The nomenclature 'which lias since been suggested by Hontzsch ( Arnalen , 
849,1) for compounds containing tbis nucleus beems to us more expressive and con¬ 
venient. We shall, therefore, adopt it in tbis paper. Compounds containing the group 



are termed oxazolcs, and those containing the nucleus 



isoxazoles. 
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In order to convert this substance into its methyl derivative, the 
sodium compound was heated with methyl iodide in closed tubes at 
140°. The resulting methylacetylacetone was purified by fractional 
distillation. It is a colourless liquid, having a slightly aromatic 
odour, boiling at 169 c . To its alcoholic solution was added an 
alcoholic solution of hydroxylamine hydrochloride. Reaction im¬ 
mediately occurred with rise of temperature. The mixture was 
heated for a short time at 100°, then largely diluted with water, and 
distilled. There passed over with the steam a liquid which was at 
once recognised as the derivative we had obtained from nitroethane 
by the action of alkalis. After purification by conversion into its 
compound with mercuric chloride, it boiled at 171° (corr.), and was 
identical in all its properties with the nitroethane derivative. On 
analysis, it yielded data corresponding with those deduced from the 
formula C 6 Hc,ltfO. 

I. Substance taken, 0*0444 gram; H^O obtained, 0*0348 gram; 
C0 3 obtained, 0*1054 gram. 

II. Substance taken, 0*2986 gram ; obtained, 31*6 c.c. at 10° and 
762*3 mm. 


Calculated for 

Found. C 6 H 9 NO. 

O. 64*7 per cent. 64*8 per cent. 

H. 8*7 „ 8*1 „ 

NT. 12*69 „ 12*7 „ 


This synthesis confirms the view of the constitution of the substance 
which we had inferred from its reactions, and satisfactorily esta¬ 
blishes its identity with trimethylisoxazole. By the action of hydr¬ 
oxylamine on methylacety 1 hcetone, besides trimethylisoxazole, aceto¬ 
nitrile was formed. It was separated from the oxazole by fractional 
distillation and hydrolysed by alcoholic potash in the usual mauuer. 
Ammonia was produced, together with a volatile acid, which was 
proved by the analysis of its silver salt to be acetic acid, the per¬ 
centage of silver found being 64*28. 

The formation of the nitrile in this reaction may be accounted 
for by supposing that an acetyl group is eliminated as aldehyde, 
which would be converted into acetalhydroxime by the hydroxylamine. 
The hydroxime on dehydration would yield acetonitrile, OH/OH'NOH 

= h 2 o + CH 3 *cisr. 

For the purposes of the foregoing discussion we have accepted 
as correct the constitution usually assigned to the /3-diketones, 
which satisfactorily accounts for the usual reactions of these com¬ 
pounds. In the coarse of our work, however, we have obtained 
evidence which suggests the possibility that they arc ring-compounds, 
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tlie ring containing oxygen as well as carbon, or at all events that 
these compounds on some occasions act as if they were thus con 
stituted. Further experiments are being made on this important 
question. 

Since trimethylisoxazole is now prepared for the first time, and 
as the reactions of the known isoxazoles have not been fully ex¬ 
amined, it is desirable to lecapituiate lieie the principal properties 
and reactions which we have already described as belonging to the 
derivatives of nitroethane, which is now proved to be trimethyl¬ 
isoxazole. 


Principal Properties mid Peariions of Trim ethyl i soar a cole. 
CH/C-C-CH, 

!i 

Formula — CH/C O 

V/ 

X 

Modes of Formation .—By the action of alkalis on nitroethane, and 
of hydroxylamine on metln lacetylacetone. 


Boiling point.... 171° (corr.) I Magnetic rotation. 6*792 

Freezing poiut... 3*5° (corr.) I Molecular refraction... 50*8 

Relative density.. 0*986 at 15°/15° Molecular dispersion .. 2*92 

Rotatory power.. None | 


Mercurochloride ....... 

Gold chloride compound. 

Chlorides.. 

Bromides. 

Chloro- and bromo-deriva- 

tives. 

Oxidation products. 

Reduction products. 

Products of reduction by 

heated zinc ... 

Product of hydrogenation 
by sodium and water.. 


Hydrolytic products of the 
dihydride. 


C 6 HoNO,HgClj 
C b H 5 NO,AuCl 3 
C b H 9 NOCl 3 ; C*H ? NOCl 4 (?). 

CfcHoNOBr^. 


C b H 8 ClNO; CsHsBrNO O'). 
Acetic (and oxalic) acid. 
Ammonia, acetic acid, secondary 
butyl alcohol. 

Acetonitrile, &c. 

Dihydride of trimethylisoxazole, 
CHa-CziO-CH, 
CHa-CHO 

hrac 

Ammonium acetate, methylethyl- 
ketone. 












430 DUNSTAN AND DYMOND : THE ACTION OP ALKALIS 

Mechanism op the Reaction between Alkalis and jN’itro ethane. 

We have ascertained that when alkalis react with nitroethane, the 
products of the change are formed approximately in accordance with, 
the proportions indicated by the equation 

4C 3 H 6 TTO 2 == 0 6 H g N0 + OH/ON + 2HNO* + 3H a O. 

The occurrence of such a reaction as this between an alkali and a 
nitro-compound is most remarkable, and cannot be satisfactorily 
explained, if the usual formula for nitroethane be rigidly adhered 
to. By modifying the formula, in accordance with the doctrine of 
tautomerism, and supposing the compound to contain one or two hydr¬ 
oxyl groups, more than one mode of interaction becomes possible. 
We do not, however, now propose to discuss this question, on which 
mach might be written by way of suggestion, until we have ascer¬ 
tained whether any intermediate compounds can be isolated which 
would throw light on the mechanism of the change. Experiments 
we have already made would lead us to conclude that alcohol is not 
one of these transition compounds, and that the acetonitrile is not 
produced at the expense of the isoxazole by the action either of 
alkali or of hydroxylamine. On the other hand, it seems possible 
that a derivative of a ^-diketone is concerned in the transformation, 
this substance originating from the nitro-compound. It is a fact of 
much significance that, whilst alkalis act on nitroethane, forming tri- 
methylisoxazole and acetonitrile, these same compounds result from 
the action of hydroxylamine on methylacetylacetone. 


II. The Action or Alkali on.STitbomethane. 


The action of alkalis on nitromethane is mnch more rapid and 
intense than on nitroethane, and it proceeds further. The character of 
the change appears to be similar. When nitromethane is mixed with 
aqneous ammonia or potassium carbonate, reaction is immediate, the 
mixture darkens, and finally becomes almost black. Nitrite is formed, 
together with hydrogen cyanide and a large quantity of a resinous 
substance. From our study of the action of alkalis on nitroethane, wo 


should infer that nitromethane would yield isoxazole, 


HCizCH 
HO 6 , 
'V' 


the parent base of which the compound resulting from the action of 
alkalis on nitroethane is the trimethyl derivative. So far, however, 
we have not been able to isolate this interesting compound, which 
seems to be instantly decomposed, but our investigation of the reaction 
is not yet completed. 
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The results of the recent woik of Claisen and Stock (Ber., 24,130) 
on the action of hydroxylamine on benzoylacetaldehyde, renders it 
probable that this isoxazole, in presence of alkali, would pass into 


the alkali salt of the isomeric cyanacetic aldehyde, 


H-CO 

6h(M')C1T 


III. Action of Alkalis <* Phimujy Niteopropane. 


The action of alkalis on nitropropane is much weaker than on its 
two lower homolognes. Aqueous ammonia hardly attacks this nitro¬ 
compound, even at a temperature of 100—120°, in a closed tube. 
Potassium carbonate solution acts slowly, and in order to completely 
decompose the nitropropane it is necessary to heat the mixture for 
some hours at 100°. On distillation, an oily liquid condenses with 
the steam, whilst potassium nitrite and resin remain in the residue. 
The oily liquid, after having been separated and dried in the usual 
manner, was resolved, by fractional distillation, into two substances ; 
one of these, which was difficult to purify, finally distilled between 
98° and 100°, and had all the characteristic pi’operties of propionitrile. 
Since only a small quantity was available, its identity was established 
by hydrolysing it with aqueous potash, when ammonia was abund¬ 
antly evolved. The resulting potassium propionate was converted 
into the silver salt, which was analysed in the ordinary way. It con¬ 
tained 59*12 per cent, of silver; silver propionate contains 59*6 per 
cent. 

The liquid which remained after the propionitrile had distilled 
consisted of a body which, after fractionation, boiled at 214° (corr.). 
Its relative density was 0 9382 at 15715°. 

On combustion it afforded the following data :— 


I. IT. 

Substance taken 0*1738 grm. 0*1656 grin, 
CO» obtained.. 0*4442 „ 0*4212 ., 

H 2 0 „ .. 015 77 „ 0*1438 ,, 

N a „ at 

12*5°, 764mm. — — 


HL XV. 

0*2282 grm. 0*1614 grm. 

0*5836 „ — 

0*2022 „ — 


12 c.c. 


Found. 


f -*-v Calculated for 

I. II. III. IV. C 9 H 16 NO. 

C 70 2 per cent. 69*3 per cent. 69*7 per cent. — 70*5 per cent. 
H 10*08 „ 9*64 „ 9*84 „ — 9*8 

Ns » 91 9*14 ,, 


The molecular weight of the liquid was ascertained by Raoult’s 
method, using acetic acid as the solvent. 
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I. 

II. 

Wt. of substance. 

0*0778 gram. 

0*1556 gram 

Wt. of solvent. 

6 537b „ 

6-5378 „ 

Freezing point of solvent . *.. 

15° 

15*02° 

Freezing point of solution.... 

14-7 J 

14-42 

Depression for 1 gram of sub¬ 
stance to 100 of solvent.... 

0‘25b’ 

0-258° 

Mol. depression of solvent — . 

39 

39 

Mol. weight of substance..... 

151 

151 


The molecular weight corresponding with the formula Cc,H, s N0 i«- 
153. 


The substance is thus shown to have the composition of trielhyl- 


ib-nj azole. 


C 2 H/C=C-(J 3 H., 
CjH/C (!) 


N 


In most of its reactions it resembles tlie 


trimethylisoxazole obtained under similar conditions from nitro- 
etbane. 

We have, however, not succeeded in solidifying it, and it does not 
appear to form a compound with either mercuric chloride or gold 
•chloride. In these particulars it differs from trimethylisoxazole. 
When oxidised with nitric acid, a volatile acid was obtained, which, 
by the analysis of its silver salt, tv as proved to b e propionic acid . 
The percentage of silver in the silver salt was 59*8, the percentage 
of silver in silver propionate being 59 6. 

The compound is somewhat more difficult to oxidise than the tri- 
metbjlisoxazole, and since it was thought that it might be the di- 
hydride of triethyli&oxazole, the hydrogen being united to the two 
doubly-linked carbon atoms, attempts were made, by the action ol 
silver oxide, and by the limited action of nitric acid, to oxidise these 
two hydrogen atoms and so to obtain tziethylisoxazole. No such effect 
could, how ever, be observed. Under no circumstances was a com¬ 
pound produced vdiich combined with mercuric chloride, although 
an intermediate oxidation product was obtained, which is being 
further examined. 

We are indebted to Mr. A. J. Simons, one of the workers in this 
laboratory, for the assistance he has given us in examining the pro¬ 
perties of this compound. 

The reaction between alkalis and primary nitropropane seems to be 
represented by the equation 


4C 3 H 7 N0 2 = C 9 H 16 NO + C 2 H 5 CN + 2EN0 2 + 3H>0. 
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IV. Action oi Alkalis on Secondary Nuropropanisi. 

The results recorded in the foregoing pages relate to the action of 
alkalis on primary nitro-compounds. It became of interest to 
determine whether a similai reaction occurs with secondary and 
tertiary nitro-compoundh. Onr observations on the behaviour of 
these bodies are not yet completed, but we have already noticed 
that secondary nitropropane undergoes a change which is, in 
ail probability, similar in kind to that sustained by primary nitro¬ 
propane, although the products of the reaction are different. Alkali 
nitrite is produced, but no tiiethylisoxazole. Another substance, 
responding to the reactions of a pseudo-nitrol, has been isolated, and 
is being examined. 

Research Laboratory of the Pharmaceutical Society, London . 



ANNUAL GENEEAL MEETING, 


March 25th, 1891. 

Dr. W. J. Russell, F.R.S., President, in tlie Chair. 

I am happy to be able to report to the Fellows that the Society con¬ 
tinues to increase and prosper. We have now 1754 Fellows, and the 
communications received during this year have been more numerous 
than in the preceding year. 

The following tabular statement gives the numerical position of our 
Society:— 

Number of Fellows (Anniversary, March 1890) ...... 1698 


Since elected and paid admission fees. 114 


1812 

Removed on account of arrears ... 28 

Withdrawn. 13 

Deceased. 17 

— 58 

Present number of Fellows .. 1754 

Number of Foreign Members.. 33 

Deceased (Dr. Heinrich Will). 1 

Present number of Foreign Members. 32 


The number of elections this year is less by 31 than last year, and 
the absolute increase in the number of Fellows during the year is 54 
instead of 84. 

The deceased Fellows are:—Dr. M. Bcehler, W. Blythe, H. B. 
Brady, F.R.S., C. Innes Burton, W. Lant Carpenter, Thos. Carnclley, 
J. B. Hutcheson, S. A. Hill, Robert MacCalmont, E. C. Nicholson, 
T. R. Ogilvie, C. P. Phillips, Harry Poland, Henry Smith, W. C. 
Stevens, T. 0. Sandell, and Henry H. Walker. 

Withdrawn:—A. Bain, E. N. Butt, Joseph Barker, Robert 
Carmthers, W. H. Glazier, James Hall, A. E. Johnson, E. A. 
Parnell, W. E. Porter, W. R. Reffell, John Stokes, Arthur Taylor, 
and R. C. Tresider. 

The financial state of the Society, I am sorry to say, is not quite 












ANNUAL GENERAL MEETING. 


435 


so satisfactory as it has been of late. The details you will hear 
from the Treasurer; consequently I have only to note the fact that 
the receipts from subscriptions this year are £177 less than last 
year. This falling off is to be accounted for, firstly, by an accidental 
circumstance, there being this year 11 fewer life compositions than 
last year, and, secondly, the increase during the year of the number- 
of candidates who have been blackballed, the exact number rejected 
being 2G. 

Much care and thought have been bestowed both by the Committee 
and the Librarian on the Library, and it continues to increase at a 
very uniform rate, and to receive all the new and valuable works on 
chemistry as soon as they are published. The exact increase in the 
number of works in each department of the Library is as follows:— 



March 25th, 
1890. 

Additions in 
189O-0L 

Present 

State. 

Volumes of systematic works. 

3,082 

122 

3,204 

5,870 

Volumes of periodicals. 

5,667 

203 

Volumeb of duplicate periodicals for cir¬ 
culation 

1,135 

53 

1,188 

Pamphlets... 

1,450 

22 

1,472 


11,334 | 

400 

11,734 


Compared with last year, the number of systematic works added to 
the Library are fewer, but the volumes of periodicals added are more 
numerous. With regard to the expenses of the Library, they are 
£120 less than they were last year. 

I have no hesitation in saying that the character of the com¬ 
munications which the Society has this year received from the 
Fellows is certainly equal, if not of a higher character than on any 
former occasion; the actual number which have been published in the 
Transactions happens to be the same as it was last year, namely, 72, 
but whatever their character may have been, their length is consider¬ 
ably greater than those of last year, for they occupy 1051 pages instead 
of only 772. The total number of papers communicated to the Society 
was 101; last year it was 100. On turning to the ether volume of 
our Journal, we find there has been, compared with last year, a con¬ 
siderable increase in the number of abstracts; this year 2341 appear 
in the Journal; last year there were 2131. This year the abstracts 
occupy 1527 pages; last year 1252. The increased size of the volume 
for 1890 has necessarily increased the cost of the Journal, which has 
been £413 more than it was last year. 

The time has again come round for the award of the Longstaff 
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medal. The Fellows will remember that by the trust deed the 
Council are instructed every third year to awai*d the medal to the 
Fellow of the Society who, in their opinion, has done the most to 
promote chemical science by research. This instruction is one not 
always easy to carry out, but I am sure that the Fellows will feel 
that the unanimous decision of the Council to award it to Professor 
Japp this year is eminently satisfactory. He has, during the last 
three years, either alone or in conjunction with others, communicated 
to our Society eight papers, and all who are following the higher 
development of organic chemistry know how valuable to this branch of 
the science the carefully thought out papers of Dr. Japp have been. 
I only regret he is not here to receive the medal in person. 

The great event of the year with regard to our Society has un¬ 
doubtedly been the celebration of the Jubilee which occurred on the 
24th and 2oth of February. As it is an event of so recent date and, 
moreover, one to be recorded in detail elsewhere, I need nob do more 
in this place than state, for the sake of future reference, the facts that 
a special meeting of the Society was held in the theatre of the 
University of London, at which three of the original founders of the 
Society, Sir W. R. Grove, Sir Lyon Playfair, and Mr. Heisch, were 
present, and that deputations congratulating the Society on attaining 
Its 50th birthday were present from the Royal Society, the Pharma¬ 
ceutical Society, the Chemical Society of France, the Berlin Chemical 
Society, and other societies; also that Mr. Warington presented an 
album containing photographs of many of the founders of the 
Society and letters relating to its establishment ; that on the 
evening of the 24th the President and Council gave a soiree at 
the Goldsmiths’ Hall, which was most kindly lent to them by 
the Worshipful Company, and that an exceedingly interesting col¬ 
lection of apparatus illustrative of important researches which had 
mostly been carried out by former Presidents of the Society was 
exhibited and attracted much attention. On the following day a 
dinner was held in celebration of the Jubilee, at which the Prime 
Minister*, Lord Salisbury, and several other distinguished guests 
were present, and about 230 of the Fellows. The proceedings on each 
occasion proved to he of so much interest that the Council feel that 
a full record should be preserved, and they intend to issue in a 
separate form as soon as possible an account of what took place at 
each of the above meetings. 

The suggestion I made in my report last year that a fitting 
memorial of the Jubilee might be a subject catalogue of the Journal 
from its commencement was, I think rightly, on further consideration, 
abandoned, the labour and expense of compiling such a catalogue 
being more than the result would justify. 
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The exhibition at an extra meeting of new forms of apparatus was 
held on May 8th, and proved to be of considerable interest and 
practical use. Xo discourse has this year been given to the Society. 

It seems appropriate for me on the present occasion briefly to 
chronicle the changes which have occurred in the constitution and 
government of the Society since its formation. The history of these 
changes is, however, soon told, for with the exception of obtaining in 
184*8 a Royal Charter, they have been remarkably few, in fact, 
the evidently very carefully considered constitution and plan of 
government suggested when the Society was founded has in all 
essential points been found to work well and to accomplish the ends 
intended. The object of our Society is still the same as it was de¬ 
fined to be when it was founded, namely: ‘‘the promotion of 
chemistry and those branches of science immediately connected with 
it, by reading, discussion, and subsequent publication of original com¬ 
munications and the formation of a library and a museum.” The 
museum, however, was not found to be a necessary or even advan¬ 
tageous adjimct to the Society, and although it certainly possessed 
many specimens of considerable interest and value, it was determined 
at a General Meeting held in 1866, that it should be given up; the 
donors of specimens having a right to claim their gifts, and the re¬ 
maining specimens being given to institutions or individuals that 
might desire to have them. 

During the same year that the Society obtained its Charter, another 
very important advance was made; that was the establishment of the 
-Quarterly Journal. It was well edited by Dr. Ronalds, and this 
great improvement in the manner of issuing the records of the 
Society did much to i*aise its general status, and give it a higher 
position among Scientific Societies. 

Little or no alteration of the bye-laws or the plan of working the 
Society seems to have occurred for many years. 

In 1852 the number of Vice-Presidents, which then was four, was 
increased, by adding all past Presidents, and it is not until 1866 
that there is any other change worth recording. In that year, 
a “new form of nomination paper for the proposal of gentlemen 
as Fellows of the Society ” was introduced, and this seems to he the 
first indication of any feeling having arisen that undesirable people 
were seeking and obtaining election into the Society. This same 
subject has from time to time caused far more discussion among the 
Fellows than any other question relating to the government of the 
Society, and it is of interest and importance to note briefly the nature 
and results of these discussions. In order to understand fully their 
oiigin and meaning, we must hear in mind that as the Society grew 
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and prospered, and chemistry became of more value in the arts and 
in matters relating to every day life, a very natural impression arose 
among a large portion of the public, that since all the most dis¬ 
tinguished chemists of the day belonged to our Society, therefore, 
every one who was a member of it must be a thorough chemist. 
This misconception on the part of the public, I think, has been most 
mischievous, and has given rise to much of the disagreement which 
has occurred among the Fellows. It is impossible now to trace the 
exact history of the gradual development of this feeling of discontent, 
which certainly arose at least among some of the Fellows, but in 
1867 this matter was, I can hardly say openly, discussed, because 
the discussion was carried on to a great extent by persons under 
assumed names, but was very freely discussed, principally in the pages 
of the Chemical News , the question at issue being whether undesir¬ 
able persons did easily obtain admittance into the Society, and 
whether any but trained chemists ought to be admitted. Clearly 
what some desired was that the title F.C.S. should be a kind of 
degree, a distinction to be applied only to trained chemists. A good 
deal evidently of strong feeling existed at the time, and a good deal 
was written on the subject. The Council felt the importance of the 
question, and in their Report of 1867 say that they have it “ under 
their consideration to raise the standard of qualification for the 
admission to the Fellowship:” they seem to have considered the 
matter very carefully, and also to have referred it to a sub-committee, 
which consisted of Mr. Crookes, Dr. Miller, Dr. Odling, Mr. Wanklyn, 
and Dr. Williamson. This Committee issued a Report in November, 
1867, which was adopted by the Council and a copy sent to all the 
Fellows. This Report seems to be, even at the present time, of so 
much interest and so fully to state the case, that I desire to read it 
on the present occasion. 


“Chemical Society, Burlington House,^Piccadilly, W., 


“ November llfA, 1867. 


“ Sir, 

“At a meeting of the Council, held on May 16th, 1867, it was 
resolved, ‘That a Committee of five be appointed to consider the 
by-laws relating to the election of Fellows, Honorary Members, and 
Associates, and to report to the Council/ It was farther resolved,, 
* That the Committee consist of Mr. Crookes, Dr. Miller, Dr. Odling, 
Mr. Wanklyn, and Dr. Williamson/ 

“ Upon the presentation of the Committee’s report, at a meeting of 
the Council, held on November 7th, it was resolved, 4 That this report 
he approved, and that a copy of it be sent to each Fellow of the 
Society/ 
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“ We beg to append the report in question, and have the honour to 
remain. 


“ Your obedient Servants, 

“W. Odling, 

“A. Vernon HARCOURr, 
“ Han. Secretaries . 


“Your Committee were appointed by a resolution, passed at a 
Meeting of Council, held on May 16th, 1867, in fulfilment of the 
intention which the Council announced to the Society in its Anniver¬ 
sary Report. 

“ As bearing upon the standard of qualification for admission to the 
Fellowship of the Chemical Society, your Committee, from replies 
they have received to a circular which they addressed to all the 
Fellows, and from conversations they have held with different Fellows 
whom they chanced to encounter, have ascertained the existence 
among the Fellows of the Society of two very distinct views as to its 
nature and purposes. 

“ Many Fellows appear to regard the Society as being by rights an 
association of eminent scientific men ; and they accordingly look upon 
the Fellow ship of the Society a? a distinction which should be con¬ 
ferred only upon those who have given evidence pf marked chemical 
proficiency, as, for example, by the production of some original 
memoir; so that the election of any one as a Fellow of the Society 
should stamp him at once as being a well-trained cbemist and com¬ 
petent investigator. 

“ In favour of this view, it is urged that the initials F.C.S., ap¬ 
pended to the name of any gentleman, seem to imply that his attain¬ 
ments have won for him a public recognition somewhat in the 
character of a degree; and that these initials ought to signify, in 
reality, that which they seem to imply, and which is indeed their 
proper signification. 

“ It is further urged that the fellowship of the Chemical Society 
is essentially an honorary distinction, althongh -from the ease with 
which it can be obtained, practically by any who choose, it is a dis¬ 
tinction but little valued by the better sort. It is, however, eagerly 
sought after and obtained by men who are not perhaps altogether 
desirable—who certainly have no claim to the title of scientific 
chemists—and who, in some cases, do not even join the Society from 
any interest they take in chemical science, but solely with the view 
oi parading a distinction to which their merits do not really entitle 
them. 

“ Moreover, from the circumstance that chemistry is pursned, not 
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only as a science bnt also as a profession and trade, the right to 
append the intials F.C.S. possesses a sort of trade value, exceeding 
its cost, to mere trading or professional chemists; as suggesting that 
those who have the privilege of using these initials are better qualified 
men than their brethren who are not thus distinguished. 

“ From these causes, it is said, the Fellowship of the Chemical 
Society has gradually sunk in public estimation; and accordingly it 
is very desirable that something should now be done to restore, if 
possible, its original prestige. 

“ On the other hand, many Ifellows are of opinion that the Society 
is merely an association of individuals, having joint but various 
interests in the progress of both pure and applied chemistry; that 
the object for which the Society exists is not to confer honour upon 
any individual whatever, but to promote the general advancement, 
distribution, and application of chemical knowledge; and that, as a 
general rule, men engaged in pursuits more or less dependent on or 
connected with chemistry, and taking a sufficient interest in chemistry 
to wish to join the Society, should, unless personally objectionable, 
have every faciliry afforded them for joining it. 

M In favour of this view, the preamble to the Charter is adduced, 
and especially the following paragraph: whereas certain of onr 
subjects 4 did establish and are now members of a society known by 
the name of the Chemical Society, for the general advancement of 
phemical science, as intimately connected with the prosperity of the 
manufactures of the United Kingdom . . . and for a more 

extended and economical application of the industrial resources and 
sanitary condition of the community,’ Ac. 

44 It is further maintained that the Society, from its origin until 
the present time, has always been of a mixed rather than of an ex¬ 
clusively scientific character—that the present Fellows form quite as 
distinguished a body as have ever constituted the Society—and that 
many, at any rate, of the mosc distinguished individual Fellows do 
not feel themselves at all discredited by being associated as joint 
Fellows of the Society with men who are engaged or interested in 
chemical pursuits, but whose scientific or social position is inferior to 
their own. 

u Moreover, of scientific as distinguished from purely professional 
societies, the Royal Society, it is urged, is the only one of which the 
Fellowship is conferred in lecognition of eminent scientific merit—the 
special science societies being practically open to all students of, and 
workers at, their respective subjects, who may wish to be elected to 
their respective Fellowships. To limit the Chemical Society then to 
eminent scientific cliemibtb would bo tantamount to making it the 
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chemical section of the Royal Society, instead of allowing it to have 
a distinct function and character of its own. 

“ It is further urged that the circumstance of chemistry being to 
some extent a profession, so far from indicating the propriety of 
making the Fellowship of the Chemical Society an honorary distinc¬ 
tion, rather contra-indicates it. For, independently of the difficulty, 
or rather impossibility, of withholding or conferring the honour with¬ 
out doing much injustice to individuals, the Society, by professing to 
choose out the most worthy, would naturally be held responsible for 
its choice, and identified more or less with the acts of each and all of 
its Fellows. 

“Tour Committee, having given these different views their best 
consideration, are not prepared to recommend any alteration in the 
by-law relating to the election of Fellows, which would have the 
effect of confining the Fellowship of the Society to strictly scientific 
men. 

“Bud they think it ma) be advisable, although they have failed to 
elicit evidence of the admission of any significant proportion of un¬ 
suitable persons into the Society, to make some modification in the 
piesent by-law, with a view to increase the security against the acci¬ 
dental election of undesirable candidates. 

“ They accordingly suggestthat in future, or after a certain interval 
of time, the form of recommendation of a candidate, referred to in the 
first paragraph of the by-law in question, shall he required to be 
signed by five, instead of by only three, Fellows of the Society, of 
whom three at least, instead of only one, shall be required to sign 
from personal knowledge; and farther, that in the second line of the 
printed form of recommendation, the words * Qualification or Occupa¬ 
tion* shall be substituted for the words ‘Position, Profession, or 
Occupation.’ 

“ At present yonr Committee are not disposed to advise any altera¬ 
tion in the second paragraph of the by-law, which requires three- 
fourths of the votes given to be in favour of the candidate, in order 
to effect his election. If, however, contrary to the anticipations of 
the Committee, any section of the Fellows should be found to make 
an improper use of this requirement, your Committee would then 
recommend that one or other of two courses should be proposed by 
the Couucil and adopted by the Society; that is to say, that the 
by-law should be so altered as to render valid the election by a mere 
majority, or else that the by-law should be temporarily abrogated, 
and during its abrogation the election of Fellows be delegated by the 
Society at large to a Committee appointed for the purpose.” 
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The recommendations made in this report were adopted, and 
appear to have met the requirements of the case, as the agitation now 
ceased. 

In 1877, that is 10 years later, again a similar feeling arose in this 
Society, and again a large number of letters appeared on the subject 
in the Chemical News. Objection was taken to many of the candidates 
who obtained admission on account of their want of sufficient chemical 
training; at the same time those who objected not only had no plan for 
imprbtring the working of the Society, but as far as our Society is con¬ 
cerned seem to have been convinced that it was practically impossible 
for the Chemical Society to insist on all its Fellows being trained and 
competent chemists, and, consequently, that another “organisation,” 
as it was termed, ambng chemists was required, the object of which 
should be to ascertain whether a person had a chemical knowledge, 
tlnd if so to stamp him as an efficient and competent chemist; in a 
wbrd, this agitation led directly to the founding of the present Institute 
of tihemistry. The feeling at this time clearly was there must be 
two distinct Cheniical Societies, one to which all who had any real 
interest in chemistry might belong, even if they had not had the 
advantage of a thorough training in chemistry, and the other a 
Society which shonld consist solely of trained and efficient chemists. 
The dissatisfaction which bad manifested itself evidently arose from 
a feeling that in some cases Fellows were nsing the privileges of 
membership simply for commercial purposes, and that the new orga¬ 
nisation would, to a great extent, obviate ibis; but still further to 
ensure the desired end the bye-laws weie also altered, and a still more 
stringent declaration required from eveiy one previous to his becoming 
a Fellow of the Society ; and, further, an earnest attempt was made 
to develop the class of Associates. TheSe were the results of this 
second agitation in dnr Society. 

At the present time, after the lapse of 14 years, again a feeling 
sbmeWhat of the same kind exists, at least among some of the 
Fellbws, but the collateral ciieumstances ate certainly distinctly 
different, for this organisation among chemists, the Institute, now 
exists, and all who desire to he stainped as thoroughly educated 
chemists have the opportunity of obtaining this recognition, which 
formerly was not the case. This does not, however, meet all objec¬ 
tions, for it is not in any way a reason for allowing those, if such 
there be, who desire, but do not deserve, the milder title of F.C.S. to 
have it; and I am glad to say that the present Council have most 
carefully considered this matter, and have, in order that it shonld be 
caref ally considered under eveiy aspect, referred it to a special com¬ 
mittee. The question is regarded by them as one of vital importance, 
but, like former Councils, they feel how much easier it is to cite 
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objections to present arrangements than to suggest definite and work¬ 
able plans for bringing about a state of things which would commend 
itself to all well-wishers to the Society. To make any satisfactory step 
in this matter, it seems to me absolutely necessary that we should first 
have a clear understanding as to whom we desire to attract to our 
Society, and whom to exclude from it. I am speaking, of course, 
entirely for myself, and I say I should wish to see the entrance easy 
to all who have any real interest in our science, even if they be only 
amateur chemists; I mean by that, all who are notin any way studying 
or following chemistry as a profession, but rather as a relaxation or 
relief it may be to ordinary business, as well as to those who are 
thoroughly trained and educated chemists; but in all cases with this 
single proviso, that socially there is no reason against their admittance 
into the Society. I give up entirely the idea that amount of chemical 
knowledge is to determine the suitability of a candidate; the title F.C.S. 
cannot be made a guarantee of chemical knowledge, we cannot gauge 
a candidate’s ability and knowledge, and therefore desire to express 
no opinion concerning it, but we understand by his belonging to tbe 
Society that he has an interest in, and a desire to advance, chemical 
science. If, for commercial or tutorial or any other purpose, a man 
desires to proclaim to the world that he has a certain amount of 
chemical knowledge and experience, the Institute is obvionsly the 
Society to which be should belong, and more than that, if be does try 
to use the title F.C.S. for such a-purpose, he is clearly doing what is 
not right. 

The objects for which a scientific society exists are to stimulate 
the development of some branch of science by inducing intercourse 
among workers and students, and to disseminate new knowledge 
by publication. I do not, however, for a moment disguise from 
myself that difficulties and complications will arise even in carrying 
out so simple a definition as tbe foregoing one, and it is well openly 
and frankly to consider them. If chemistry was solely a science, 
I do not know that any of these complications would exist, bnt it 
is a profession, a business, as well as a science, and some believe 
that the F C.S. has in particnlar cases a certain money value, 
owing to the fact that at least a portion of the public still believe 
that a person who can write F.C.S. after his name must have 
valuable chemical knowledge. As the Institute grows and becomes 
more prominent, tbe misconception on this point will decrease, and it 
will be recognised as tbe body which gives this information, and 
that the Chemical Society does not give it and never pietended 
to do so. 

At the same time a certain distinction does arise from the use of the 
title F.C.S., and if it be rightly understood it is natural and proper 
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that it should be so; there may, therefore, be those who would be 
willing to pay the Society’s annual subscription, for the honour and 
material advantage attendant on adding these letters to their name, 
and at the same time they may be people who have no interest in the 
science, never open any publication of the Society, and do not in the 
least care whether the science progresses or not. I believe their 
number is small, but few or many, these are the individuals which we 
should do our best to exclude from our Society; they are men 
who have got into the Soc’ety under false pretensions, and are 
not true to the obligations which they have signed. For the last 
25 years successive Conncils and many active and valued Fellows 
of the Society have been endeavouring to solve the problem of how 
to exclude such persons, and have not perfectly succeeded. I do not 
believe that it is to be done by hard and fast rules. I do not know 
of any great or radical change which would render the working of 
the Society even approximately perfect. I do not think that any such 
rules exist, and if we look back we find that the changes introduced 
from time to time to render the working of the Society more satis¬ 
factory have always been in the way of perfecting present laws rather 
than introducing new ones. In 1867, as I have pointed out, there 
was certainly a strong feeling that nndesirable persons were becoming 
Fellows of the Society, and on the part of the Fellows strong 
measures were taken to call general attention to the fact, and how 
was this defect remedied ? Not by any drastic or wide-sweeping 
alteration in the constitution of the Society, but simply by carrying 
out more fully the existing laws, throwing more of the responsibility 
of the elections on the Fellows themselves, and the only alteration of 
the bye-laws made was the increase of the number of signatures 
required to a schedule from three names to five. This was effective, 
and the Society went on increasing and developing more rapidly 
than before. Again, in 1877, the same kind of thing happened and 
was dealt with in the same kind of way: now the obligation was 
altered, and made more stringent, but no short cnt could be found to 
a way for excluding undesirable members, although evidently it was 
felt, as before, that the line to be adopted was to raise and maintain 
among the Fellows a feeling that the Society was still a scientific 
Society, and that all its members should do their best to prevent 
those who would use it for unworthy purposes from becoming 
Fellows. Now, since this time, some 14 years, what has been the 
history of our Society, have those means been at all effective or not; 
has our Society advanced or receded? No one can doubt for a 
moment what the answer is. As far as numbers are concerned, in 
1877 there were 916 Fellows; now there are 1752, nearly double as 
many, and as to the present position of the Society, without a shadow 
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of doubt I say tbe Society never stood so higb, both in the scientific 
and external world, as it does at the present moment. It has, like 
all scientific societies, gained its place in tbe community at large by 
the work it has done, and by the position which its Fellows have 
earned in science, and my experience during the last two years has 
proved to me how widely our Society is known, and in how favourable 
a light it is regarded, both at home and abroad. We hold a high 
position, and we have not only to maintain but to still further 
improve that position, and I do not for a moment believe that the 
Fellows of this Society will at any time tolerate the admission of 
members whose object is of a character to defile the Society. But the 
question how can the admission of undesirable persons be best prevented 
has still to be considered. I believe the surest way is following the 
course which former experience indicates; throw still more of the 
responsibility on the members, let them feel that it lies with them 
to keep up the character of their Society. I am glad that the 
Council have taken this view of the matter, and that the alterations 
which have of late been adopted by them are all steps in this direction. 
The obligation is to be more prominently insisted on ; the Council pro¬ 
posing that it shall form a heading to every certificate, so that from the 
very first, the candidate shall know to what he is required to subscribe, 
and, consequently, that he shall have nothing to urge against the 
Council insisting at any time on his carrying out strictly and faith¬ 
fully what he has undertaken. Another aud, I think, a very import¬ 
ant step taken lately by the Council is the publication in the Pro¬ 
ceedings of the certificates sent in by candidates; the Fellows of the 
Society are thus put in possession of all the information which is 
supplied with regard to the candidate; they have the opportunity of 
carefully examining and considering it, and also have it for future 
reference. This leads me to a point which, I believe, is of consider¬ 
able importance, anl is again only an extension of what has been 
done on former occasions: it is the cultivation of a stronger feeling 
of responsibility in signing the c°rtificate of any candidate. At one 
time it really was little more than a mere form; for then none but 
desirable persons wished to he Fellows of the Society; but at the 
present day, as we have seen, there may be inducements for unworthy 
people to seek admittance; consequently I do not see how any 
honourable man can conscientiously sign a certificate from personal 
knowledge without feeling in his own mind satisfied that the ap¬ 
plicant is desirous of joining tbe Society from right motives and 
with proper intentions. 1 do not imagine that a man’s motives can 
he gauged as surdy as his height or his weight, hut I do believe that 
if the feeling be cultivated and generally acknowledged that the 
body of Fellows expect aud require that all should act thus honestly 
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and honourably towards one another, then the undesirable persons 
who would be nominated for election as Fellows of our Society 
would be very few, so few that their influence would be absolutely 
inappreciable and their position so anomalous that they might be 
left to work out their own destruction. On learning that any 
Fellow is acting in any way dishonourably or wrongly towards 
the Society, it seems to me that the first feeling should be to 
ascertain who introduced the delinquent, who are the five Fellows 
who told us that he was a proper person to join onr Society : and I 
am glad to think that now every member will he in a position easily 
to answer this question for himself; the date of the election will be 
given in the list of members, and in the Proceedings will be found 
the names of those who signed the certificate. Nothing is more 
powerful than public opinion; and if it is felt that this is the spirit 
m which elections are to he made, it will do far more good to the 
Society than any law which can he invented or enforced. 

Again I would allude to the importance of a full agreement as 
to the real object of our Society and the class of candidates that we 
desire to welcome as brother members ; this is the starting point for 
all concerted action, and I think there is now a much greater uni¬ 
formity of opinion on this subject than there was formerly, for I 
believe few, if any, advocate looking on the title F.C.S. as even an 
approach to a scientific degree. But there is one other class of persons 
who use and consequently abuse the title F.C.S. to whom I have not 
alluded: it is those who have no right at all to it, who are not Fel¬ 
lows of the Society. Such cases are not rare, and this applies to 
other societies as well as to ours. To enable the Council to deal 
effectually with such cases, thev took legal opinion on the matter, and 
found that practically they could not, with any hope of success, insti¬ 
tute legal pioceedings against this class of delinquents, and were 
advised that the only really efficient step to be taken in the matter 
was to promote a Bill in Parliament to render it penal for any one to 
use the initials attached to a Society to which he did not belong. 
In conjunction with other scientific societies, namely, the Royal As¬ 
tronomical, Antiquarian, Geological, and Linnean, your Council have 
had a Bill for the above purpose drafted, and hope to he able very 
shortly to get it introduced into Pailiament. For myself, I confess I 
have no fear for the future of our Society; it is certain to grow, both 
in strength and in usefulness, and that too along the right lines; tem¬ 
porary checks it may meet with, on studying its past histoiy, it seems 
to me remarkable that the checks it has received have been so few 
and so insignificant. In common with, I believe, all similar oocieties, 
outbreaks of blackballing occur now and then: it is, perhaps, only a 
symptom of health and vigour, and relieves the Society from what 
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might otherwise become a real danger. There is, however, a danger 
m such outbreaks, which is that they should arise from unworthy 
motives, and be carried on without discretion. Differences of opinion, 
fortunately, will always exist in a large Society like ours, and any 
Council worthy of directing such a Society will always be glad, nay 
desirous, of learning the views of the members, and the members 
should be desirous, and encouraged openly and frankly, to express 
their views with regard to the management and development of the 
Society. 

I desire now, on resigning this Chair, most sincerely to thank the 
Fellows of the Society for the great honour which they conferred 
upon me in electing me their President, and allowing me to occupy a 
position which has been filled by so many distinguished chemists. I 
have endeavoured, as far as I was able, to perform efficiently the 
duties of the office—duties which I thidk it is d good sign are becom¬ 
ing every year more and more nnm&ohs. I calnhot, however, con¬ 
clude without saying a word of sincere thanks to the officers and 
Councils with whom I have had to ftb'rk; it is on them the well-being 
of the Society mainly depeddg; and I feel how fortunate I have been, 
and how much my responsibilities hdve been lessened owing to the 
Society having the serviced of officers so able and so devoted to its 
interests as those are with whdm I &avfe been associated. 

Dr. Gilbert proposed a votfe of thanks to the President, coupled with 
the request that he would allow his address to he printed; the motion 
was seconded by Hi*. Carteighe Both speakers inferred in most appre¬ 
ciative terms to Dr. Russell’s services to the Society, especially on 
the occasion of the Jubilee celebration. Dr. Teed supported the 
motion, which was carried by acclamation. The President having 
acknowledged the vote, 

Professor Thorpe, tlie Treasurer, gave an account of the financial 
position of the Society. The receipts from Fellows had been £3459 
16*. Od.; from sale of the Journal £383 9?. 4 d. j and by dividends on 
invested capital £363 0*. 6d. The expenses on account of the 
Journal had been £2724 Os. lOd ; on account of the Library £300 18a. 
9 d .; on account of the Proceedings £183 7*. 10 d .—the total expen¬ 
diture being £3790 4a. 9 d. The balance at the bank was £1798 17a. 
7d .; and £600 had been invested in Metropolitan Board of Works 
3J per cent, stock. 

Professor Attfield proposed that the thanks of the Fellows be 
tendered to the Treasurer. Dr. Atkinson, in seconding the vote, 
lamented the loss of income during the year, and referred to the 
smaller expenditure out of the Research Fund, and the excessive 
balance at the bank. 



Dr. Tnu Treasurer in Account with the Chemical Society prom March 20, 1890, till March 19, 1891. 
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i)r. Stevenson advocated a larger expenditure on the Library. Mr. 
Friswell followed Dr. Atkinson in lamenting the diminution in income 
and its cause, and also referred to the disproportion borne by the life 
composition fee to the annual subscription. Mr. Cassall asked that 
increased facilities of using the Library might be granted to Fellows. 

The President said that every effort was made by the Library 
Committee to obtain books, and that if Dr. Stevenson and others who 
complained of deficiencies would point out what was required, the 
Library Committee would most certainly pay the utmost attention to 
their recommendations. The Library would be open at any reasonable 
and rational time. 

[Dr. Thorne subsequently stated that the statistics of attendance on 
evenings other than those when meetings took place in the buildings 
were such as to indicate that there was no great desire to use the 
Library in the evenings.] 

It so happened that a considerable sum had been voted out of 
the Research Fund at a time just outside the financial year, so that 
actually the expenditure was greater than appeared. 

The Treasurer, in acknowledging the vote of thanks, said that the 
large balance would very soon di§apppar, as a number of heavy pay¬ 
ments had to be made. He took occasion to gratefully acknowledge the 
service which Mr. Tutton had rendered him in keeping the Society’s 
accounts, and finally proposed tb$t thanks be given to the Auditors, 
Messrs. H. Crompton, R. H. Davies and B. Dyer. This proposal was 
seconded by Dr. Collie and adopted. Mr. Dyer having replied, 

Professor Ramsay moved a vqte of thanks to the Officers and 
Council, which was seconded by Mr. Friswell, and acknowledged by 
Dr. Armstrong. 

Mr. Warington finally proposed that thanks be tendered to the 
Editor, Sub-Editor, Abstractors and Librarian. Dr. Clowes seconded 
the motion. Mr. Groves and Dr. Thorne replied. 

Scrutators having been appointed, a ballot was taken, and as result 
the following were declared elected as Officers and Council for the 
ensuing session. 

President: Dr. A. Crum Brown, F.R.!§. 

Vice-Presidents who have filled the office of President: Sir F. A. Abel, 
K.C.B., D.C.L., F.R.S.; W. Crookes, F.R.S.; E. Frankland, D.C.L., 
F.R.S.; J. H. Gilbert, Ph.D., F.R.S.; J. H. Gladstone, Ph.D., 
F.R.S.; A. W. Hofmann, D.C.L., F.R.S.; H. Muller, Ph.D., F.R.S.; 
W. Odling, M.B., F.R.S.; W. H. Perkin, Ph.D., F.R.S.; Sir Lyon 
Playfair, Ph.D., K.C.B., F.R.S.; Sir H. E. Roscoe, LL.D., F.R.S.; 
W. J. Russell, Ph.D., F.R.S.; A. W. Williamson, LL.D., F.R.S. 

Vice-Presidents: G. Carey Foster, |f\R.S.; W. H. Hartley, F.|t.S.; 




ANNUAL GENERAL MEETING, 451 

John Pattinson; J. Emerson Reynolds, M.D., F.R.S.; William* A. 
Tilden, F.R.S.; Robert Warington, F.R.S. 

Secretaries: H. E. Armstrong, Ph.D., F.R.S.; J. Millar Thomson, 
F.R.S.E. 

Foreign Secretary: Raphael Meldola, F.R.S. 

Treasurer: T. E. Thorpe, B.Sc., F.R.S. 

Ordinary Members of Council: E. Atkinson, Ph.D.; Henry Bassett; 
Norman Collie, Ph.D.; John Ferguson, M.A.; E. Kinch; M. M. P. 
Mnir; F. J. M. Page; W. H. Perkin, jun., F.R.S.; S. U. Pickering, 
M.A.; Boverton Redwood; Thomas Purdie, B.Sc.; John A. Yoelcker 
Ph.D. 

The meeting then proceeded to consider the alterations in the bye¬ 
laws proposed by the Conneil. The first alteration having been read 
to the meeting, 

Mr. Lloyd asked the President what would be his ruling with 
reference to any new proposal made at the meeting to alter the bye¬ 
laws. 

The President said that he could not allow any proposal to alter 
the bye-laws of which notice had not previously been given to the 
Fellows to be put at that meeting. Although there was no express 
provision to that effect either in the charter or bye-laws, it was 
manifestly inexpedient to adopt any other course, and such ruling 
would be in accordance with the practice of the Society hitherto. 

Mr. Lloyd stated that the movement in which he and others had 
taken part had for its object to exclude those who were personally 
objectionable, and to effect this they desired to place the nomination 
of Fellows in the hands of the Council. He therefore moved as an 
amendment that the whole subject of the alterations in bye-laws be 
postponed. 

The President having ruled this amendment out of order, after a 
few remarks from other speakers, a vote was taken, and the following 
alteration in the bye-laws was carried, there being only five 
dissentients. 

“ That in the case of candidates resident abroad unable to obtain the 
before-mentioned number [five] of signatures, the Council shall 
have power to accept a certificate, signed from personal know¬ 
ledge by one Fellow of the Society, and to recommend its pre¬ 
sentation for ballot.” 

Subsequently the following were also put to the meeting and 
carried all but unanimously. 

2. That the following notice be printed at the head of the Form of 
Recommendation:— 
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14 The attention of the candidate in whose favour this certificate is 
made out is specially directed to the fact that, if elected, he will 
he required to sign the following obligation prior to his admis¬ 
sion into the Society :— 

“ Obligation.—I, the undersigned, do hereby engage that I will 
endeavour to promote the interests and welfare of the 
Chemical Society, that I will observe its laws, and to the 
utmost of my power maintain its dignity, as long as I shall 
continue a "Fellow thereof. 

3. That Bye-law XII be altered so that it read as follows:— 

“ An Annual General Meeting of the Society shall be held on the 
30th day of March, or on some day in March near that time, 
and at such an hour as the Council may determine, for the elec¬ 
tion of Officers, &c.” 
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John Pattinson; J. Emerson Reynolds, M.D., F.R.S.; William A. 
Tilden, F.R.S.; Robert Warington, F.R.S. 

Secretaries : H. E. Armstrong, Ph.D., F.R.S.; J. Millar Thomson, 
F.R S.E. 

Foreign Secretary: Raphael Meldola, F.R.S. 

Treasurer: T. E. Thorpe, B.Sc., F.R.S. 

Ordinary Members of Council: E. Atkinson, Ph.D.; Henry Bassett; 
N'orman Collie, Ph.D.; John Ferguson, M.A.; E. Kinch; M. M. P. 
Mnir; F. J. M. Page; W. H. Perkin, jun., F.R.S.; S. IT. Pickering, 
M.A.; Boverton Redwood; Thomas Pordie, B Sc ; John A. Voelcker, 
Ph.D. 

The meeting then proceeded to consider the alterations in the bye¬ 
laws proposed by the Council. The first alteration having been read 
to the meeting, 

Mr. Lloyd asked the President what would be his ruling with 
reference to any new proposal made at the meeting to alter the bye¬ 
laws. 

The President said that he could not allow any proposal to alter 
the bye-laws of which notice had not previously been given to the 
Fellows to be put at that meeting. Although there was no express 
provision to that effect either in the charter or bye laws, it was 
manifestly inexpedient to adopt any other course, and such ruling 
would be in accordance with the practice of the Society hitherto. 

Mr. Lloyd stated that the movement in which he and others had 
taken part had for its object to exclude those who were personally 
objectionable, and to effect this they desired to place the nomination 
of Fellows in the hands of the Council. He therefore moved as an 
amendment that the whole subject of the alterations in bye-laws be 
postponed. 

The President having ruled this amendment out of order, after a 
few remarks from other speakers, a vote was taken, and the following 
alteration in the bye-laws was carried, there being only five 
•dissentients. 

“ That in the case of candidates resident abroad unable to obtain the 
before-mentioned number [five] of signatures, the Council shall 
have power to accept a certificate, signed from personal know¬ 
ledge by one Fellow of the Society, and to recommend its pre¬ 
sentation for ballot.” 

Subsequently the following were also put to the meeting and 
carried all but unanimously. 

2. That the following notice be printed at the head of the Form of 
Recommendation:— 

VOL. lix. 2 K 
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44 The attention of the candidate in whose favour this certificate is 
made ont is specially directed to the fact that, if elected, he will 
be required to sign the following obligation prior to his admis¬ 
sion into the Society :— 

“ Obligation.—I, the undersigned, do hereby engage that I will 
endeavour to promote the interests and welfare of the Chemical 
Society, that I will observe its laws, and to the utmost of my 
power maintain its dignity, as long as I shall continue a Fellow 
thereof.*’ 

3- That Bye-law XII be altered so that it read as follows:— 

64 An Annual General Meeting of the Society shall be held on the 
30th day of March, or on some day in March near that time, 
and at such an hour as the Council may determine, for the elec¬ 
tion of Officers, &c.” 


OBITUARY NOTICES. 


Henry Bowman Brady was bom at Newcastle-upon-Tyne in 1835, 
and from his father, a surgeon in extensive practice, he inherited a 
taste for chemistry in its relations to medicine. He was apprenticed 
to a pharmaceutical chemist at Leeds, and subsequently carried on 
the business of a manufacturing and pharmaceutical chemist in 
Moseley Street, Newcastle, from 1855 to 1876. His habit of mind 
was thoroughly scientific, and he devoted himself with ardour to the 
development of pharmacy. He served for many years on the Council 
of the Pharmaceutical Society, and was one of the Examiners of that 
body. He was the originator of the Pharmaceutical Congress, and 
its President in 1872—73; and contributed numerous important 
papers to the Pharmaceutical Journal . He was elected a Fellow of 
the Chemical Society in 1859. 

Besides being interested in the advancement of chemical know¬ 
ledge, he had strong natural history tastes also. In his native city 
he lectured on botany, and contributed papers on marine fauna to 
local societies. On bis retirement from active business life, he con¬ 
ducted extensive biological researches, becoming the chief authority 
in this country on recent and fossil Foraminifera. He published 
many original papers on recent forms of these lowly organisms, con¬ 
cluding with his great Monograph in the Reports of the 44 Challenger ” 
Expedition 1873—76. This report, covering 814 quarto pages and 
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illustrated by 115 plates, is tbe standard work of reference on the 
subject. 

Dr. Brady belonged to the Society of Friends, and though he did 
not adopt tho outward signs of that body, he retained the straight¬ 
forwardness and kindliness so characteristic of its members. Of 
late years he suffered from ill-health, which travel in all parts of 
the world failed to alleviate. The severe weather of last winter 
told on his weak constitution, and he was carried off by inflamma¬ 
tion of the lungs on January 10th of this year. 

Dr. Brady was a Fellow of many Societies, both in England and 
abroad. He was elected into the Royal Society in 1874, and served 
as a member of its Council. In 1888 he received the honorary degree 
of LL.D. from the University of Aberdeen, and in the same year the 
Emperor of Austria presented him with the gold medal for Arts and 
Sciences, the highest order that a scientific man can receive in that 
Empire. 

Cosmo Innes B orton was born in Edinburgh in the year 1862, 
his father being Dr. John Hill Barton, the well known Scottish 
historian, and his mother, a daughter of Cosmo Innes, Professor of 
History in the University of Edinburgh. His scientific tastes early 
displayed themselves, some of his happiest hours, as a boy, being 
those spent with his brother, now Professor of Sanitary Engineering 
at Tokio, in the little chemical laboratory which they had fitted up 
in the quaint old house in the outskirts of Edinburgh where the 
historian and his family lived. 

He entered the University of Edinburgh in 1879, and during the 
following three years worked assiduously at Chemistiy under the 
guidance of Professor Crum Brown, studying at the same time the 
various other subjects required for graduation in science. In 1881, 
on passing the first B.Sc. examination, he gained the Neill-Amot 
Prize in Physics. 

The next two years were devoted to the pursuit of chemical study 
at Munich with Professor Erlenmeyer, and at Paris with the late 
Professor Wurtz, where he also gained some experience in the method 
of original investigation. He assisted the late Professor Henniger in 
his researches on Erytbrol and Professor Hanriot in bis work on 
Strychnine. 

After graduating B.Sc. in Edinburgh, in 1884, and gaining the 
Hope Prize in Chemistry, he became assistant to Professor Japp at 
South Kensington, in conjunction with whom he contributed four 
memoirs to the Joui nal of the Chemical Society , entitled, “ Conver¬ 
sion of Ditolane-azotide into Diphenanthrylene-azotide, ,, “On some 
Azines,” te Anhydracetonebenzil,” and “ Condensation Compounds of 

2 k 2 
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Benzil with Ketones.” Organic research, however, had not much 
charm for Barton; his interests in chemistry were essentially of a 
practical nature. The intellectual inheritance he had received from 
his parents displayed itself in a philosophic, and at the same time 
practical, interest in the social problems of the day, and he desired 
some work in his profession which promised a quicker return of 
benefit to his fellow-men than the matters to which he had been 
devoting his energies at South Kensington. He, therefore, eagerly 
embraced the opportunity offered to him by the Town Council of 
Edinburgh of examining the air of public buildings in that city. He 
made a careful chemical and biological investigation of the air of the 
chief schools and theatres of the city, and drew up an exhaustive 
report on the subject, which was published in the minutes of the 
Town Council. 

During the next two winters he acted as Lecture Assistant in 
Chemistry at the United College, University of St. Andrews, where 
he was well known to both professors and students. His interests 
being always aroused by his surroundings, whatever they might be, 
he devoted all his spare time to devising a direct method of estimat¬ 
ing iodides in sea water. His figure, bent under the weight of a 
heavy keg of salt water, slung over his back, was a familiar sight in 
the early winter mornings on the pathway up the cliffs towards the 
college laboratory. 

On leaving St. Andrews, he threw himself eagerly into an investiga¬ 
tion of the heat produced by the compression of pure solid and liquid 
substances for which the Royal Society had given him a grant of 
money, and Professor Tait the use of the necessary apparatus. The 
results of this research will be published by Air. W. Marshall, F.C.S., 
who was associated with him in the work. His practical interests at 
the same time fonnd expression in a course of lectures to working 
men, given by permission of Professor Crum Brown, in the University 
class-room, and in lecturing under the auspices of the University 
Extension Association. He also contributed a paper “ On a Constant 
Daniell Cell for use as a Standard of Electromotive Force,” and 
another in conjunction with Mr. A. P. Laurie, “On the Heat of 
Combination of Metals with Halogens” to the Proceedings of the 
Boyal Society of Edinburgh. 

Mr. Burton received the appointment last spring to the Professor¬ 
ship of Chemistry in the recently established Technical Institute of 
Shanghai. After being married, he proceeded with his young wife 
to Shanghai, where he arrived in July, and at once set about the 
duties of his post, which were exactly of the practical kind he had 
long sought, and which promised to give full scope to his remarkable 
powers. In the beginning of October he wrote, full of enthusiasm 
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and hope, about bis work; on tbe last day of that month he was cnt 
down by an attack of malignant small-pox after two or three days' 
illness. The news of his death was received with feelings of the 
deepest regret by a wide circle of scientific friends in this country, 
who esteemed him as one of the most original of the younger genera¬ 
tion of chemists, and predicted for him a distinguished career in his 


Thomas Oarnelley was a native of Manchester, in which city he 
was born on October 22nd, 1854. His father, Mr. William Oarnelley, 
is the present chairman of directors of Messrs. Rylands & Oo. Limited, 
with which firm he has for many years been connected. 

His early education was received at King’s College School, London, 
and during this period he attended the evening classes in chemistry 
at the College to which the school is attached, and in this way began 
the study of the science with which he in after life became identified. 
At the age of 16, he gained a Dalton Mathematical Exhibition at the 
Owens College, Manchester, in which institution he remained a student 
until 1872, retaining an official connection with it until the year 
1879. Carnelley’s studentship was one of exceptional brilliance, as 
shown by the record of successes gained at the Owens College, and 
also by the honours gaiued at the several examinations for the 
Bachelorship of Science of the London University, in which Uni¬ 
versity he matriculated in the year 1870. At his first examination 
for the Bachelor of Science, in 1871, he was placed third in Third 
Class honours in Chemistry, and at the final examination, in 1872, 
obtained the degree, and was placed second in First Class honours in 
Chemistry, with marks qualifying for the University Scholarship in 
Chemistry. 

Whilst preparing for those examinations, Oarnelley also found time 
to devote himself to an investigation on the subject of the Vanadates 
of Thallium, a research for which, in 1872, the Dalton Chemical 
Scholarship was awarded to him; and in consideration of his success 
at the final B.Sc. examination, the holding of the Scholarship was 
extended to a third year. 

During the years 1872-74, Oarnelley acted as private assistant to 
Professor Roscoe, and began his career as a teacher by giving lectures 
in connection with the evening classes at the Owens College. The 
next year he spent in Germany, devoting himself to the study of 
chemistry at the University of Bonn, under Professors Kekule, 
Zincke, and Wallach, being engaged during a portion of this period 
with the investigation of the “ Effect of Passing the Mixed Vapours 
of Carbon Bisulphide and Alcohol over Bed-hot Copper,” also with 
the preparation and properties of the hydrocarbon “ Tolylphenyl.” 
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In tlie year 1876, Carnelley obtained the degree of Doctor in 
Science in Chemistry, in the University of London; and from the 
year 1875 to 1879 ke held tke appointment of Assistant Lecturer 
and Demonstrator in Chemistry at the Owens College; daring a 
poition of this period he also discharged the duties of Principal of 
the North Staffordshire School of Science, at Hanley, to which insti¬ 
tution he rendered great services by his teaching and powers of 
organisation. 

In 1879, the Firth College at Sheffield was founded, and Dr. Car¬ 
nelley was appointed to the Chair of Chemistry. The three years he 
remained in Sheffield were actively occupied with the fitting up of the 
chemical laboratory, organising the teaching in his department, and 
the pioneer work which is always required at the hands of the teachers 
in such newly founded institutions. 

From Sheffield, Carnelley, in 1882, passed to Dundee to take up 
the duties of the first Professor of Chemistry in the then recently 
established University College. Here ample means for the building 
and equipment of the department were placed at his disposal, and he 
had the satisfaction of superintending the erection of the block of 
buildings in which are located the chemical laboratories, lecture 
rooms, &c., arranged in accordance with his own plans and ideas. 

The College at Dundee is in no small degree indebted to its first 
Professor of Chemistry for the success which it has achieved in the 
few years since its foundation. His zeal and untiring energy, his 
unselfish devotion to his work, contributed to make the Chemical 
Department one of the most important in the new College. Car¬ 
nelley 9 s first care was naturally the establishment of a School of 
Chemistry, in which the subject should be taught m a truly scientific 
spirit, but from one who had received his education m a large in¬ 
dustrial centre, such as Manchester, the practical application of the 
science would naturally receive some attention, and we find him 
busied with the establishment of a Dye-house and Technical Museum, 
which were designed to be an off-shoot of the Chemical Department. 
These were not, however, completed before he had ceased to be 
Professor at Dundee, but although he had in 1888 been appointed to 
the Chair of Chemistry in the University of Aberdeen, he had the 
satisfaction of being present at the opening of the new Dye-house 
and Technical Museum, the materials for the latter having been pre¬ 
sented by Professor Carnelley and his father to the College in the 
early part of 1888. On this occasion, he delivered an inaugural 
lecture, in which he clearly set forth his views and ideals as a teacher 
of Chemistry. e< Let Chemistry be taught in a truly scientific spirit 
for the real love of it, and its practical applications will follow and 
indeed accompany it, as certainly as the phenomena of daylight 
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follow the rising of the sun. In no country has Chemistry been 
taught in a more scientific spirit than in Germany, and it is there 
that some of its most important practical applications have been 
made 99 Such words have a special force, coming as they did from 
one who had all his life worked in busy industrial centres, and who 
had shown h ims elf ready and able to care for the advancement of 
applied science, and it is well that the truth contained in these words 
should in these days be specially held in remembrance, when we hear 
so much of “technical education” and so little of “scientific educa¬ 
tion;” for our industries can alone receive the benefit of scientific 
knowledge and scientific training when these are given in the broadest 
and the most liberal spirit. 

Fortunate as the College in Dundee was in having secured as its 
Professor of Chemistry one who, as Carnelley showed himself to be, 
was well able to create an enthusiasm for his subject, he conferred 
lasting benefits on the town and its inhabitants by the investigations, 
chemical and bacteriological, of the air of dwellings and schools, 
which were carried out by him in Dundee. Such was the interest 
created by these investigations that he was elected a member of the 
School Board, and received a special commission from that body to 
prepare a Report on the Cost and Efficiency of the various systems of 
Heating and Ventilating Schools. The report was published in 1889, 
and deals in a very thorough and exhaustive manner with this all 
important but woefully neglected subject. 

With the preparation of a treatise on the subject of “Air and 
Ventilation,” he was busily engaged at the time of his last illness, 
and arrangements have been made for the completion and publication 
of this work. 

This cursory glance at Carnelley’s work during his six years’ resi¬ 
dence in Dundee enables one readily to understand that his accept¬ 
ance of the Professorship in the University of Aberdeen should have 
been received with universal regret by his colleagues and fellow- 
townsmen. 

He had not been settled two years in Aberdeen when he succumbed 
to a severe and sudden illness, caused by the formation of an internal 
abscess. He died at his residence, The Cults, Aberdeen, on August 
27, 1890, at the comparatively early age of 36. 

Actively engaged as Carnelley was in teaching from the year 1875 
until the time of his death, still he found opportunities to contribute 
by numerous investigations to the advancement of his science. The 
last of his published papers show him to have been active in many 
branches, both of a purely scientific and of a practical character. 
Undoubtedly the work with which his name will ever remain identi¬ 
fied is that undertaken with the object of extending Mendel4eff’s 
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“ Periodic Law.” In the obituary notice published in Nature, Sep¬ 
tember 25,1890, it is stated that— 

“ Camelley, when a student at the Owens College, appears to have 
been greatly impressed with Mendeleev’s conceptions, and it was to 
the study of the physical properties of the elements and their com¬ 
pounds, and to the devising of new methods of obtaining trustworthy 
determinations of the melting points of metallic salts and the 
elements, that he early devoted his energies. The results of these 
experiments were subsequently utilised to show that the fusibility of 
the elements and of certain of their compounds is a periodic function 
of their atomic weights. Prom the relationships discovered by him 
to exist between the melting points of the chlorides of the elements 
and the atomic weights of those elements, Carnelley was led to draw 
conclusions respecting the atomic weight of the element beryllium 
and to fix its position in the classification of the elements. 

“ Other physical pi'operties have been shown by Camelley to be 
related to the atomic weights of the elements, and in a paper lead at 
the Aberdeen meeting of the British Association he developed a series 
of analogies between the elements and various series of hydrocarbons, 
from which he concluded that the chemical elements may be repre¬ 
sented by a formula A»B 2n+ (3 - * n which n is series and x the group 
to which the element belongs ; A = 12 and B = — 2. In a paper 
published in the Philosophical Magazine in January last, he tells us 
that since 1872 he had attempted to give the periodic law a simple 
numerical expression, and states that early in the summer of 1889 he 
had obtained such an expression, in which the atomic weight is 
represented as equivalent to the product of a constant, c, into a factor 
made up of m, a member of an arithmetical progression, dependent 
on the series to which the element belongs, and v, the maximum 
valency, or the number of the group of which the element is a 
member. Thus— 

1 

A = c (m + v x ). 

“ The best results are obtained when x = 2, and m is 0 for scries 
II., 2* for III, 5 for IY, 8} for Y, 12 for YI, 15£ for YIL, 19 for 
IX, 22| for X, 2G for XI, and 29* for XII. 

“ The formula thus becomes A = c (m -f- and m is a member 
of an arithmetical series in which the diff erence is 3 save in the first 
two series, when it is 2*. By using this equation, the value for c in 
the case of 55 elements is found to lie between 6 0 and 7*2, with a 
mean value of 6*64. Accepting 6*6 as the value of c, the calculated 
atomic weight of sodium, for example, would be found as follows :— 
Sodium is the first member of series HI, m is therefore 2*5 and 
v = 1, so that A = 6*6(2*5 + */l) = 23*1. In the paper referred 
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to, the atomic weights of all the elements are given as calculated by 
this formula, and compared with those generally accepted. The 
results obtained exhibit very close approximation, the calculated 
values being, in fact, nearer tbe experimental numbers than those 
obtained by the aid of Dulong and Petit’s law. The remarkable 
coincidence that the value 6*6 for the constant c in the above formula 
very nearly approximates to the value 6*4, accepted as the atomic heat 
of the elements, in accordance with Dulong and Petit’s law, is noted, 
and that the specific heats of the elements may consequently be re¬ 
presented as equivalent to —--. The specific heats calculated 

Qlb 4“ y' V 

by the aid of this formula are compared with the experimental values, 
and, in the case of the 55 elements in which a comparison can be 
instituted, in 45 instances the agreement is very satisfactory, while 
the other 10 are elements the specific heats of which, according to 
Dulong and Petit’s law, are more or less abnormal. 

u Accepting Bettone’s conclusion that the hardness of an element 
is inversely proportional to its specific volume, it is shown that 
hardness may be represented in terms of the specific gravity, and the 
expression 6*6 (m 4- V'v), thus— 


“Hardness = 


1 

spec. vol. 


sp- gr. _ sp. gr. 
at. wt. 6*6(m 4- 


Of the value and importance of Professor Camelley’s labours in 
this field, no one could well be found to speak with greater authority 
than Mendel4efE himself, who, in a letter addressed to Sir Henry 
Boscoe, dated February 5, 1890, wrote as follows.— 

“Although Professor Camelley’s services to science are well known 
to you, I think it my duty to inform you that the name of Professor 
Camelley is deservedly and widely known in every country which 
interests itself in investigations of the theoretical side of chemical 
science and especially with reference to the study of the chemical 
elements. The labours of Professor Camelley connected with the 
periodic law of the elements have been so remarkable that the 
history of the subject would be incomplete if his name were omitted. 

“ The connection between the composition of metallic salts and the 
temperature of their melting points has been determined by the 
numerous and accurate researches of Camelley, which have laid bare 
the internal meaning of this province of empiricism.” 

Camelley was elected Fellow of this Society ob February 19, 1874, 
and was the author of the following papers which have appeared in 
the Transactions of the Journal:— 


(1.) Vanadates of Thallium. Trans., 1873. 
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(2.) Effect of Passing Mixed Vapours of Carbon Bisulphide and 
Alcohol over Red-hot Copper. Trans., 1875. 

(8.) Tolylphenyl a New Hydrocarbon. Trans, 1876. 

(4.) High Melting Points, with Special Reference to Metallic 
Salts. Trans., 1876. 

(5 ) Action of Water and of Various Saline Solutions on Copper. 
Trans., 187G. 

(6.) High Melting Points. Part II. Trans., 1877 
(7.) A True Method for Determining High Melting Points. 
Trans., 1877. 

(8.) Influence of Ammonium Sulphide in Preventing the Action of 
Various Solutions on Copper. Trans., 1877. 

(9 ) Oxidation of Ditolyl. Trans., 1877. 

(10.) Tetrabromide of Tin (in conjunction with Mr. L. T. O’Shea). 
Trans., 1878. 

(11.) Determination of High Melting Points. Trans., 1878. 

(12.) Determination of High Boiling Points (in conjunction with 
]Mr. W. Carleton Williams). Trans., 1878. 

(13.) Boiling Points of Certain Metals and Metallic Salts (in 
conjunction with Mr. W. Carleton Williams) Trans., 1879. 
(14.) The Melting and Boiling Points of Certain Inorganic Sub¬ 
stances (in conjunction with Mr. W. Carleton Williams). 
Trans., 1880. 

(15.) Action of Heat on the Mixed Vaponrs of Benzene and 
Tolnene: two New Methylenediphenylenes. Trans., 1880. 
(16.) Action of Heat on Mercuric Chloride -under Low Pressure. 
Trans., 1882. 

(17.) A New Form, of Pyrometer. Trans., 1884. 

(18.) Melting Point of Certain Inorganic Substances (in conjunc¬ 
tion with Mr. L. T. O’Shea). Trans., 1884. 

(19.) Brcminated Derivatives of Diphenyl, ToI}Ibenzene, and Di¬ 
tolyl (in conjunction with Mr. A Thomson). Trans., 
1885. 

(20.) Amidodiphenylsulphonic Acid and Azo-dyes from Diphenyl 
(in conjunction with Mr. J. Schleselman). Trans., 1886. 
(21.) Derivatives of Tolylbenzene (in conjunction with Dr. 
Thomson). Trans., 1887. 

(22.) The Dehydration of the Metallic Oxides by Heat, with Special 
Reference to the Polymerisation of the Oxides (in conjunc¬ 
tion with Dr. J. Walker). Trans., 1888. 

(23.) Solubility of Isomeric Organic Compounds and of Mixtures 
of Sodium and Potassium Nitrate, and the Relation of 
Solubility to Fusibility (in conjunction with Dr, Thomson). 
Trans., 1888. 
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(24.) The Antiseptic Properties of Isomeric Organic Componnds 
in Relation to their Constitution (in conjunction with Mr. 
W. Frew). Trans., 1890. 

He also contributed several Notes which have been published in 
the Proceedings of this Society. In addition to the above contribu¬ 
tions, he was the author of several papers which have appeared in the 
Philosophical Transactions and the Proceedings of the Eoyal Society , 
And was a contributor to the Philosophical Magazine , Nature , the 
Chemical Neios , the Ghemiker Zeitung , and also to the “ Berichte 

For many years Camelley was on the staff of Abstractors for the 
Journal of this Society, and was the author of an elaborate and most 
valuable compilation of the boiling and melting points of chemical 
compounds, published in two large volumes—“a monument of in¬ 
dustry and devotion to science.” Camelley also assisted in the edit¬ 
ing of the German-English Dictionary of Scientific and Technical Terms , 
published by Messrs. Yieweg and Son. 

Professor Carn el ley’s retiring, modest, unselfish, and deeply re¬ 
ligious nature, his earnest enthusiasm, served not only to create in 
all a sincere regard for him, but to make him beloved by those 
who were privileged to become intimately acquainted with him. By 
his early death an already brilliant career has been deplorably cut 
short, and a vacandy created in the ranks of scientific men in this 
■country which must long remain unfilled. 

William Lant Caepenter, B.A., B.Sc. Lond., was the eldest son of 
the late Dr. W. B. Carpenter, C.B., F.R.S. He was bora in the year 
1841 at Bristol, but was educated in University College School, 
London, and studied chemistry under Professor Williamson in Uni¬ 
versity College, London, and also in the Birkbeck Laboratory, taking 
the degrees of B.A. and B.Sc. in the University of London. He 
was, in 1859, engaged in the Broad Plain Soap Works, the proprietors 
of which were Messrs. 0. Thomas Brothers, where, for nearly 20 
years, he was a partner of the firm. At the termination of this 
partnership in 1881, Mr. Carpenter removed to London, and in 1882 
he became connected with the School of Electrical Engineering in 
Hanover Square. Being engaged as Lecturer by the Gilchrist 
'Trustees, he undertook the duties of this post, and threw into the 
work all the energy of an earnest and strong nature. For many 
sessions Mr. Lant Carpenter greatly distinguished himself as a most 
effective lecturer under the Gilchrist Trust, especially in the North 
of England and in Scotland. At Bristol he was engaged in philan¬ 
thropic work under the auspices of Miss Mary Carpenter, his aunt, 
and during the greater part of his residence in Bristol he took a 
pronounced part as its Secretary in the management of the Boys > 
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Industrial School there. He frequently lectured at the Philosophical 
Institution in Bristol, was an active member of the Naturalists* 
Society, and much interested in the foundation of the University 
College, Bristol, on the Council of which he represented the University 
of London. 

Thus he was led to take an interest in the education question 
generally, and of late years the working of the Education Acts and 
the importance of continuation schools and recreative evening 
classes engaged much of his attention. He was local secretary 
at the Bristol (1875) meeting of the British Association, and may 
truly be said to have taken a leading part in all movements for the 
promotion of science, and especially physical science, in the West of 
England, where he was well known as a lecturer on such subjects. 
He was in charge of the chemical and pai t of the physical investiga¬ 
tions of the deep-sea explorations of H.M.S. “ Porcupine ” of 1869 
and 1870, his report on which was printed in the Proceedings of the 
Royal Society . In 1881 he left Bristol, and settled at Harlesden, near 
London, in the following year. 

William Lant Carpenter, besides being a member of the Insti¬ 
tution of Electrical Engineers, was a Fellow of the Chemical 
Society, of the Society of Chemical Industry, and of the Physical 
Society. During the last ten years of continuous work his health 
had suffered a severe strain, and a holiday became necessary. This 
was taken in 1889, but, combined with a journey to look after the 
schools on the Indian reserves in the Dominion of Canada for the 
New England Company, the journey became a strain instead of a rest, 
very few nights of ids absence from home not being occupied in 
travel, so as to economise time. His health broke down again early 
in 1890, and so a voyage was undertaken to Australia and New 
Zealand, which he had visited in 1880 in order to seek restoration from 
the results of a similar collapse. Unfortunately no good effects fol¬ 
lowed from this voyage, though subsequently at Shanklin and 
Bournemouth some improvement was apparent, and his friends began 
to entertain hopes of his ultimate recovery. These were, however, 
doomed never to be fulfilled, and he died on December 28, 1890, 
leaving his four children, his brothers, and a wide circle of friends to 
mourn his loss. He was a Liberal in politics and a Unitarian in 
religion, although he did not go to a Unitarian place of worship, hut, 
like many of his co-religionists, attended the Presbyterian Church. 
He took a warm interest in Mrs. Humphry Ward’s University Hall 
scheme. 

With regard to Mr. Carpenter’s publications, his excellent little 
book, compiled from his Gilchrist Lectures, entitled Energy in Nature, 
cannot be forgotten or overlooked, but since the once well-known, if 
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not classic, work on tlie manufacture of soap by Morfit, no treatise on 
the chemistry and manufacture of soap has appeared which can be 
considered equal to Carpenter’s work entitled Soap, Candles , Lubri¬ 
cants, and Glycerin, published by E. F. and NT. Spon in 1885. Mr. 
Carpenter has also acted as examiner in the subject of soap manu¬ 
facture for several years for the City and Guilds of London Institute. 
So solicitous was he not only for the condensation of the abstracts of 
English patents on the subject of fats, oils, and soaps appearing in 
the Journal of the Society of Chemical Industry , but that in such con¬ 
densation adequate information should be given, that for several 
years, in addition to the heavy load of duty he had already taken on 
his shoulders, he undertook the abstracting himself of all patents 
bearing upon his favourite subject. In this earnest devotion to 
the part he had voluntarily undertaken to play both as member of 
Publication Committee and as abstractor, he thus followed closely in 
the steps of his distinguished and singularly devoted predecessor, Mr. 
Walter Weldon. 

John B. Hutcheson, F.I.C., was bom at Dunoon, Argyllshire, on 
April 10th, 1848, and was educated at the local Parish School. Early 
in 1867 he entered the laboratory of the late Professor Thomas 
Anderson, at Glasgow University, and after his student career, be¬ 
came one of Professor Anderson’s private assistants. He left in 1869 
to take the post of chemist to Messrs. Inglis and Wakefield, calico- 
printers and Turkey-red dyers, near Glasgow, where he remained fox 
two years; in 1871, he returned to the University again as assistant 
to Professor Anderson; and when Professor Ferguson succeeded to 
the Chair of Chemistry, in 1874, Mr. Hutcheson was appointed one 
of the two official assistants. In this post he continued until his death, 
on April 15th, 1890. Mr. Hutcheson was married, and is survived 
by his wife, and a family of three boys and one girl. 

Mr. Hutcheson, in 1882, devised a process for electrical bleaching, 
in conjunction with his colleague, Dr. Dobbie, now Professor of 
Chemistry at Bangor, an account of which was published in the 
Transactions of the Chemical Society of that year. He also, along 
with Dr. Dobbie, devised an easy method of taking the specific gravity 
of solids, which is described in the Proceedings of the Philosophical 
Society of Glasgow for 1884. 

Mr. Hutcheson was a very successful teacher, both in his official 
capacity, and in his numerous private classes, and his duties absorbed 
most of his time. He was a thoroughly good and successful analyst, 
and had a large acquaintance with analytical processes. 

His kind and courteous manners and his integrity of character 
made him a favourite with all the students whom he taught; and his 
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early death was deeply regretted by all those who were his colleagues 
in the laboratory of Glasgow, a & well as by his numerous other 
friends. 

Edward Chambers Nichols ox, whose greatest achievements were 
coincident with the earlier stages of progress of the coal-tar colour 
industry, was born in January, 1827, at Lincoln, being the seventh 
son of the late Robert Nicholson, of Lincoln and Maidenhead. Owing 
to the death of his mother in the following year, he was, during boy¬ 
hood, placed under the care of his aunt, Miss Chambers, of South 
Carlton, Lincolnshire, and when ten years of age was sent to Dr. 
Beesley’s school, at Uxbridge. After completing his education there, 
he was placed for a time with a chemist and druggist at Andover, 
from whence he was transferred to the laboratory of Mr. Lloyd 
Bullock, in Conduit Street, London. 

In October, 1845, young Nicholson entered as one of the first 
students the newly opened laboratories of the Royal College of 
Chemistry, under Dr. A. W. Hofmann, having for contemporaries, 
Messrs. Abel, Bloxam, De la Rue, Galloway, Rowney, and George 
Simpson. He was soon promoted to be an assistant, and helped the 
Professor in some of his earliest researches. Later, in 1848, he 
published, conjointly with his friend, F. A. Abel, an elaborate memoir 
on Strychnine and its Salts, by which the true constitution of this 
organic base was satisfactorily determined. This gained for the 
authors their election as Fellows of this Society. 

Mr. Nicholson remained at the College until 1850, when he ac¬ 
cepted an engagement offered him by Messrs. Fothergill and Co., of 
Aberdare, to investigate the chemistry of iron making. Here he 
made numerous experiments, conjointly with Dr. David Price, on the 
products of the hot and cold blast and refinery furnaces, hut was 
forced to give up by a had attack of typhoid fever, which induced 
his return to London. Then, shortly afterwards, in 1853, when 
sufficiently recovered, he joined his friends Messrs. Simpson and 
Maule, of Kennington Road, and helped to start the chemical factory 
at Locksfields, Walworth. Here he introduced improvements in the 
manufacture of pyrogallol, ether, collodion, &c., and the firm after¬ 
wards turned their attention to aniline and the coal-tar colours, which 
necessitated the building of a larger factory at Hackney Wick. 
During this period, Mr. Nicholson discovered the arsenic acid process 
of manufacturing magenta, hut found himself anticipated by eight 
days by Dr. Henry Medlock’s patent, of January 18th, 1860, which 
his firm afterwards purchased. The three large crowns of crystal¬ 
lised rosaniline acetate, shown in the International Exhibition of 
1862, excited universal admiration; but the discovery of chrysanil- 
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ine yellow, of tlie lower plienylated products of rosaniline, Alexandra 
violet, regina, &c., and the mode of rendering soluble the spirit dye 
known as Girard’s blue, by a process of sulplionation in two stages, 
giving either the pure soluble blue for silk, or Nicholson blue, for wool, 
were amongst the greatest technical achievements. In August, 1868, 
Mr. Nicholson finally retired from his active chemical labours, but 
took a continued interest in the progress of scientific discovery. He 
was an original member of the Society of Chemical Industry, and a 
Fellow of the Institute of Chemistry. On the 23rd October last he 
died of cancer, in the sixty-fourth year of his age, leaving his widow 
and a numerous circle of friends to mourn his loss. 

Henry Smith, M.D., Lond., Barrister-at-law, F.I.C.—We have to 
record the death of Dr. Henry Smith, at Paris, on Friday, the 20th 
June, 1890. He was born at Plnmstead, in Kent, on the 15th 
November, 1857, and was therefore in his 33rd year. He was 
educated at the City of London School, and, having decided to study 
medicine, entered at St. Bartholomew’s Hospital, where, after 
obtaining the Wix and Bentley Prizes, he became L.S.A. in 1879, a 
M.R.C.S. in 1881, and in the same year took the M.B. degree of the 
University of London, and in 1885 the M.D. degree from the same 
University. During these years he filled some of the most important 
resident medical appointments in London, being successively House 
Physician to the Hospital for Consumption, &c., Brompton, Honse 
Physician to St. Bartholomew’s Hospital, House Surgeon, and snb- 
sequently House Physician, to the Hospital for Sick Children, Great 
Ormond Street. During his residence at the latter hospital, the first 
symptoms of the disease manifested themselves from which he 
ultimately died, and it is a matter of great regret to all that he did 
not at once take a long voyage; but his services had been so eminently 
successful in the afore-mentioned offices, and so warmly appre¬ 
ciated by all with whom he had been brought in contact, that he 
was reluctant to leave London, and forego the advantages he had 
gained. 

His attention was now specially directed to public health questions; 
He took the Diploma in Public Health from the University of Cam¬ 
bridge, and was elected a Fellow of the Institute of Chemistry. He 
was appointed Public Analyst for Woolwich and for Plnmstead, and 
Deputy Medical Officer of Health for the latter place. 

In 1887, he was called to the Bar at Lincoln’s Inn. 

Unfortunately the dread disease, consumption, from which he 
suffered, slowly, but surely, made headway, and in 1888 he had to 
seek a more congenial atmosphere than that found in London; he 
accordingly went to Hastings, and in January, 1890, to Hy6res; he 
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was on his way home when he died in Paris, only reaching that city 
on the morning of his death. 

Dr. Henry Smith was a man of much common sense, of keen per¬ 
ception and great ability, kind hearted and sympathetic, greatly 
beloved and greatly regretted by all who knew him, and who had 
every reason to believe his career wonld have been eminently 
successful. 

His remains were brought to England, and buried at the Hew 
Plamstead Cemetery on Friday, the 27th June, 1890, his burial being 
the first in the cemetery which his father, as Chairman of the Burial 
Board, had done so much to promote. 

Heinrich "Will was bom at Weinheim, in Baden, on December 
8th, 1812. After having passed through the Latin school of his 
native town, he took to pharmacy as a vocation, and in 1835 became 
assistant to Professor Geiger, in Heidelberg. After the death of the 
latter, he occupied a similar position with Leopold Gmelin. Leaving 
Heidelberg, he accepted an invitation of Liebig to come to Giessen, 
where he first filled the place of private assistant, receiving his doctor¬ 
ate in 1839. Shortly afterwards he assumed the directorship of the 
branch laboratory founded by Liebig. In 1844, he established himself 
as u Privatdocent,” in Giessen. The following year he received an 
invitation to London, to establish a laboratory there, but this was 
refused on account of the success attending his labours at Giessen. 
A. W. Hofmann was afterwards invited, and accepted the appoint¬ 
ment in London, in his place. In 1845 Will was appointed Extra¬ 
ordinary Professor. 

Liehig, having been summoned to Munich, left Giessen in 1852, 
when Will and Kopp, who were made ordinary Professors in 1853, 
undertook the management of the chemical instruction, Will as 
director of the laboratory, and Kopp as teacher of chemical theory, 
until he went to Heidelberg in 1883. Will acted also as lecturer 
and teacher in the Giessen University till 1882, when he resigned. 
On May 1st, 1889, in conjunction with a large number of his pnpils 
and friends, Will celebrated the fiftieth anniversary of his doctorship. 
In 1890 he was present at the unveiling of the Liebig monument, 
having acted as President of the Giessen Committee. On October 
15th of the same year, he expired suddenly from apoplexy, without 
having shown any symptoms of previous illness. 

Of Will’s literary works may be mentioned:— 

His Anleitung sur chemisehen Analyse , a book which reached 
its 12th edition in 1883, and which is translated into almost all 
European languages. His activity in connection with the editing of 
Liebig's Annalen is well known. Prom the year 1656, he undertook 
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the editing of the £ * Jahresbericht ueber die Fortscfiritfe der Chemie uml 
verwandter Theile anderer Wissemchaften .” This work was carried on 
conjointly with Kopp till 1862, and then by himself till 1868. Of 
his chemical work may be mentioned the following papers:— 

1 . “ Contribution to the Theory of Organic Compounds,” Ann., 91 , 
257. 

2. “On the Composition of Chelidonine and Jervine,” ibid., 35 , 
113. 

3. “Researches on the Constituents of Vegetables ” (inconjunction 
with Fresenius), ibid., 50, 363. 

4. “New Methods for Determining the Value of Potash and Soda, 
of Acids, and of Manganese,” ibid., 47 , 89; and 49 , 125. 

5. “ A Number of Mineral Analyses ” (partly in conjunction with 
Fresenius), ibid., 45 , 431; 47 , 198 ; 52 , 66; 61 , 181; 81 , 23. 

6. ‘‘Method for the Determination of Nitrogen in Organic Com¬ 
pounds (in conjunction with F. Varrentrapp), ibid., 39 , 257; 45 , 95; 
and 48 , 147. 

7. “ On the Ether of Veratric Acid,” ibid., 37 , 198. 

8. “ Composition of the Ethereal Oil of Rue,” ibid., 35 , 235. 

9. “ The Action of Iodine on Aniseed and Fennel Oils,” ibid., 65 , 
230. 

10. “On Styphnic Acid” (in conjunction with R. Bottger), ibid., 
58,268. 

11. “ On Croconic and Rhodizonic Acids,” ibid., 118, 177. 

12. “ The Composition of Lithofellic Acid ” (in conjunction with 
C. Ettling), ibid., 39, 242. 

13. “ On Sulphate of Iron and Quinine,” ibid., 42, 111. 

14. “ A Compound of Nicotine with Benzoyl Chloride,” ibid., 118 , 
205. 

15. “ Research on the Constitution of the Essential Oil of Black 
Mustard,” ibid., 52,1. 

16. “ Contribution to the Knowledge of the Formation of Mustard 
Oil from the Seed of Black Mustard” (in conjunction with W. 
Korner), ibid., 125 , 257. 

17. “ Investigation of Some Sulphuretted Compounds of Mustard 
Oil,” ibid., 92 , 59. 

18. “A New Constituent of White Mustard Seed,” Wien. Akad. 
Ber., 61 , 3 Abh., 178. 

19. “The Glucoside of White Mustard Seed,” Lieb. Ann., 199, 
150. 
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XLYI .—The Addition of the Elements of Alcohol to the Ethereal Salts 
of Uusaturated Acids. 

By T Purdie, Ph JD., B.Sc, Professor of Chemistry in the United 
College, University of St. Andrews ; and W. Marshall, B.Sc. 

Ix former communications to this Journal, we have shown that, when 
a mixture of an ethereal salt and an alcohol is treated with a 
minute quantity of sodium alkylate, an extensive interchange of alkyl 
radicle takes place between the ethereal salt and the alcohol, and that 
this change is probably effected by the agency of an unstable inter¬ 
mediary compound, the alkyl derivative of an acid hydrol, formed by 
the addition of the elements of 1 mol. of the alcohol to 1 mol. of the 
ethereal salt. 

We have also shown that in the case of the ethereal salts of fumaric 
and maleic acids, this reaction is quickly followed by another, in 
which the elements of a molecule of alcohol are permanently 
added to the ethereal salt, an alkyloxy-derivative of succinic ether 
being produced. Yarious isolated instances of a similar addition 
of alcohol to unsaturated ethereal salts have been recorded: thus, 
ethylic benzalmalonate, on saponification with alcoholic potash, yields 
potassium ethoxybenzylmalonate, and by the action of sodinm 
ethylate and ethyl alcohol on pyrocifcric ethers, ethoxypropanedicarb- 
oxylic ethers are obtained. 

The various changes undergone by ethereal salts under the action 
of sodium alkylates is a subject of considerable interest, such re¬ 
actions having been so frequently employed in recent investigations; 
it seemed to us, therefore, worth while to ascertain if the ethereal 
salts of unsaturated acids in general can be converted into saturated 
compounds by union with the elements of alcohol through the agency 
of small quantities of sodium alkylates. 

*We find that the ethereal salts of acrylic and crotonic acids very 
readily enter into permanent combination with the elements of 
alcohol, but that those of varions other nnsaturated acids are in¬ 
capable under the conditions of our experiments of undergoing the 
change alluded to. 

Ethereal Salts of Fumaric and Maleic Acids. 

Methylic Methoxysucdnate .—In our previous experiments with the 
ethereal salts of fumaiic and maleic acids (Trans, 1881, 39 344 - 
1885, 47, 855), we did not succeed in isolating in the pure state the 
ethereal salts of the alkyloxysuccinic acids which we assumed to be 
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formed from them by the addition of alcohol. We now find that 
methylic methoxysuccinate may be readily obtained by treating 
methylic fnmarate in the cold with anhydrous methyl alcohol and 
minute quantities of sodium methylate. 

The methylic fnmarate is most easily prepared by heating a mixture 
of the acid with twice its weight of anhydrous methyl alcohol, and 
one-fifth its weight of strong sulphuric acid on the water-bath, using 
a reflux condenser. On cooling, the ethereal salt crystallises. The 
contents of the flask are shaken with a solution of sodium carbonate; 
the crystals are collected, pressed, dried over sulphuric acid, and 
distilled. After one distillation, the substance boils at an almost 
constant temperature, and is about equal in weight to the acid used. 

Methylic f umarate is only slightly soluble in cold methyl alcohol ; 
when, however, it is treated with an equal weight of this alcohol, in 
which sodium has been dissolved in the proportion of -^th of an 
atom to 1 mol. of the fnmarate, it begins at once to go into solution, 
and after 48 hours, is entirely dissolved. The mixture is poured into 
water and shaken with ether. The ethereal extract, after evapora¬ 
tion, leaves a syrup which, on standing, solidifies to a hard, crystalline 
mass consisting of nearly pure methylic methoxysnccinate. 50 grams 
of methylic fnmarate yielded by this method 51 grams of dry, crystal¬ 
line residue, which, after hydrolysis with sodium hydrate and acidi¬ 
fying strongly with nitric acid, gave no precipitate of fumaric acid. 
It appears, therefore, that the reaction is very complete. 

Methylic methoxysnccinate melts at 28°, boils at 218—220°, and 
dissolves readily in alcohol, ether, benzene, chloroform, and carbon 
bisulphide, and also, though sparingly, in cold water. The substance 
crystallises beautifully; from its solution in carbon bisulphide or 
water, it may be procured in very large, highly refracting and perfectly 
developed crystals resembling the monoclinic forms of gypsum. The 
results of the analysis of the substance are given below. 

In a previous communication (loo. cit .), we have adduced evidence 
to show that the ethereal salts of fumaric and maleic acids yield those 
of the same alkyloxysuccinic acids by the addition of the elements of 
alcohol. Certain slight differences, however, were observed in the 
properties of the zinc methoxysuccinates obtained from the two 
sources, and it was left in doubt whether these differences were due to 
impurities in the substances, or possibly to isomerism. In order to 
decide this point, the crystallised pure zinc salts being obtainable 
with difficulty, we prepared methylic methoxysuccinate from methylic 
maleate. The method of preparation was essentially the same as that 
adopted in the case of methylic famarate, and the reaction was found 
to proceed in the same manner* 20 grams of methylic maleate yielded 
18 grams of dry methylic methoxysnccinate, which, in its mode of 
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crystallisation and melting point, was identical with, the substance 
obtained from methylic famarate. Fumaric and maleic acids, there¬ 
fore, yield the same saturated acid by combination with the elements 
of alcohol, a result which is in entire accordance with the known 
relations of the two acids. 

The methylic salt of methoxysuccinic acid is readilv prepared also 
by the action of methylic iodide on the silver salt, and the substance 
thus procured is identical with that obtained directly from methylic 
maleate and fnmarate. Silver methoxy succinate prepared by precipi¬ 
tating a solution of ammonium methoxy succinate with silver nitrate and 
drying at a temperature below 100°, is heated with excess of methylic 
iodide, using a reflux condenser. The syrupy liquid which is left on 
filtration and evaporation crystallises at once when a crystal of 
methyl methoxysnccinate is added to it. 

The substance, when recrystallised from ether and dried in a 
vacuum, yielded the following results ou analysis, the preparations 
used for analyses I and II being those obtained direct from methylic 
fnmarate and methylic maleate respectively:— 


I. 0*2655 gram substance gave 0*1623 gram H 3 0 and 0*4624 gram 
CO a . 


II. 0*2915 gram substance gave 0*1792 gram H 3 0 and 0*5070 gram 
CO s . 


Calculated for 

C7H12O5. 


C . 47*73 

H. 6*82 

0. 45*45 


Found. 


47*50 47*44 

6*79 6*83 


100*00 


JL {ethoxysuccinamide .—Methylic methoxysnccinate was dissolved in 
a methyl alcohol solution of ammonia, and the mixture left in a 
stoppered bottle for a week. Hard, transparent crystals gradually 
formed, adhering firmly to the glass. The substance, being dried 
over sulphuric acid and submitted to analysis, was found to have 
the composition of methoxysuccinamide. 

I. 0*3187 gram substance gave 0*2052 gram H 3 0 and 0*4785 gram 
C0 3 . 

0*1325 gram substance gave 22*1 c.c. N at 18° and 757 mm. bar. 

IT. 0*2253 gram substance gave 0*1455 gram H 3 0 and 0*3410 gram 
C0 2 . 

0*2832 gram substance gave 45*9 c.c. at 16° and 760 mm. bar. 
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0 .... 

Calculated for 
QHioNA, 

. 41-10 

i. 

40-95 

II. 

41-28 

H .... 

. 6-85 

7-15 

7-17 

2T .... 

. 1918 

19-53 

1919 

O .... 

. 32 87 

— 

— 


100-00 




The substance is soluble in water and in hot alcohol, insoluble in 
-ether, and melts at 175°. 

Methoxysuccinio Acid .—The constitution of the acids obtained by 
the addition of the elements of alcohol to fumaric and maleic acids 
was inferred (loc. cit .) from the fact that ethoxy succinic acid yielded 
■succinic acid when acted upon with fuming hydriodic acid. We 
have submitted methoxysuccinic acid to similar treatment, and find 
that it undergoes the same change, though apparently a somewhat 
higher temperature is required for the reaction. After heating the 
acid in a sealed tube with fuming hydriodic acid at 120°, no succinic 
acid could be detected, but when the mixture was heated at 160—170°, 
a crystalline crust of minute needles was formed in the tube. The 
substance, having been separated from the liquid by filtration, treated 
with carbon bisulphide and recrystallised from hot water, had the 
melting point 182—184°, and gave on analysis 40*37 per cent, of 
carbon and 5'26 per cent, of hydrogen; the corresponding numbers 
calculated for succinic acid being respectively 40*68 and 5*08. 

In one of the communications to this Journal, already referred to 
{Trans., 1885, 47, 861), the addition of the elements of alcohol to 
fumaric and maleic ethers was attributed to the agency of an unstable 
compound of the ethereal salt v ith sodium alkylate, having in the 
case of the methyl compounds the constitution represented by one or 
other of the formulae 

CHNTa-COOCHj CH-COOOH 3 

CH(OOHj)‘COOC!Hj ’ OH-C(OCBy»*ONa‘ 

We were inclined at one time to think that the intermediary com¬ 
pound probably had the constitution represented by the first of these 
two formulae, and in a discussion, some years ago, of the mode of 
formation and constitution of acetoacetic and succinylosuccmic ethers, 
by A. von Baeyer and Geuther, prominence was given to this view, 
as bearing on the general question of the existence of sodium deriva¬ 
tives of ethereal salts, in which sodium is directly united to carbon. 
Geuther justly pointed out that the reactions of fumaric and maleic 
ethers referred to, more particularly the reaction between dry sodium 
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ethylate and ethylic fnmarate, had been too imperfectly studied to 
admit of definite conclusions being drawn from them. The effect 
of sodium alkylate in causing an interchange of alcoholic radicle 
between an ethereal salt and an alcohol, which we have more recently 
described, and Claisen’s observations on the action of sodium ethylate 
on ethylic benzoate, support the view that it is probably a compound 
of the kind represented by the second formula, which is the active 
agent in causing the addition of alcohol to the ethereal salts of 
unsaturated acids. 

The remark of Geuther, to which we have referred, induced us at 
the time to undertake the investigation of the action of dry sodium 
methylate, and of alcoholic sodium methylate, aided by heating, on 
methylic fnmarate. The reactions were in every case very complex, 
and we could not obtain well-defined products from them. We take 
the opportunity, however, of giving a brief summary of the results of 
our experiments. 

When methylic fnmarate was added in molecular proportion to 
dry sodium methylate suspended in anhydrous ether, and the mixture 
shaken, the fnmarate disappeared, and a solid sodium compound in 
the form of a yellow powder was produced, from which, by means of 
cold dilute acids, we obtained a viscous oil soon solidifying to a light- 
coloured resin. The substance formed deep-yellow solutions with 
caustic alkalis, from which it was again precipitated by the addition 
of acid, and its alcoholic solution gave intense violet colours with 
ferric chloride, a property retained by the substance even after being 
fused with solid caustic potash. No phenylhydrazine or metallic or 
other derivatives of definite composition could be obtained by the 
methods usually employed with ketonic ethereal salts. 

When the proportion 2 mols. of sodium ethylate to 1 mol. of 
methylic fnmarate was taken, the resulting sodium compound yielded 
a viscous oil which did not solidify. 

When molecular proportions of methylic fnmarate and alcoholic 
sodium methylate were heated on the water-bath for an hour, on 
acidifying and extracting with ether no methylic methoxysuccinate 
was obtained, but a greenish-yellow oil, which gave an indigo-blue 
colour with ferric chloride, or deep violet in the presence of alcohol. 

When sodium methylate in alcoholic solution, in the proportion of 
2 mols. of the methylate to 1 mol. of fnmarate, was used, and the 
mixture was heated for some hours on the water-bath, and then poured 
into ice-cold, dilute sulphuric acid, an olive-green, amorphous solid 
was precipitated. 50 grams of methylic fnmarate yielded 40 grams 
of the powder dried on filter paper. The substance was soluble in 
benzene, ether, and alcohol, the latter solution giving an intense 
violet colour with ferric chloride. Analysis of the substance gave the 
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results winch, follow, the substance used in analyses I and II being 
got by dissolving the green powder in ammonia and precipitating 
with acid, that used in III and IT by precipitating its solution in 
benzene by the addition of light petroleum. The yellowish-white 
powder thus obtained was in each case dried in a vacuum till constant 
in weight. 


I. 0*2125 gram substance gave 00910 gram H s O and 0*4005 gram 
C0 2 . 

II. 0 2320 gram substance gave 0*0987 gram H 2 0 and 0*4342 gram 
C0 2 . 

III. 0*2063 gram substance gave 0*0935 gram H 2 0 and 0*3877 gram 

C0 2 . 

IV. 0*2107 gram substance gave 9*0930 gram H a O and 0*3981 gram 

C0 2 . 

Found. 

Calculated for ( -"-* 

C n H 12 0 7 . I. II. III. IV. 

C . 51*56 51*40 51*04 51*25 51*53 


H. 4*69 4*76 4*73 5*04 4*90 


O. 43*75 


100*00 

The substance is evidently a condensation product produced by 
the elimination of alcohol, probably a diketonic ethereaL salt of the 
composition CnH 12 0 7 , formed by the abstraction of 3 mols of methyl 
alcohol from 2 mols. of methylic methoxysuccinate, or of 2 mols. of 
methyl alcohol from 1 mol. of methylic fumarate and 1 mol. of 
methylic methoxy succinate. When the yellow alcoholic solution of 
the substance is treated with chlorine or bromine, the solution 
becomes of a bright scarlet or magenta colour which disappears on 
the further addition of the reagent. Shaking with excess of bromine- 
water converts the substance into an amorphous, lemon-yellow 
powder containing bromine; this dissolves in absolute alcohol and 
in pure benzene to a pale yellow solution, but in alcohol containing 
traces of water and in commercial benzene to bright magenta-coloured 
solutions. The colour disappears from the alcoholic solution on 
boiling, and reappears on cooling; when the alcohol evaporates, the 
substance regains its original yellow colour. These curious changes 
of colour suggest the tautomeric changes characteristic of ethyl 
succinylosuccinate and its derivatives. Numerous attempts to obtain 
crystalline derivatives from the original product of the reaction and 
from the bromine compound alluded to were all unsuccessful, and no 
simple formula for the latter substance could be deduced from the 
results of its analysis. 
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Our experiments therefore afford no proof of the formation of a 
simple derivative of ethyl succinate in which sodium is directly 
united to carbon, such as is represented by the first of the above- 
mentioned formulse. A compound of the second formula is probably 
produced, from which, in the presence of alcohol, methylic methoxy- 
succinate is formed; the latter then undergoes condensation under 
the action of the alcoholic sodium methylate aided by heat, with the 
formation of the sodium derivative of a complex ketonic ethereal 
salt. 

Ethereal Salts of Acrylic Acid. 

Acrylic acid, like fumaric and maleic acids, when heated with an 
aqueous solution of sodium hydrate, unites with the elements of 
water and yields hydracrylic acid. It seemed, therefore, likely that 
the ethereal salts of acrylic acid would resemble the ethereal 
fumarates and maleates in their action with alcohol and sodium 
alkylate, and that they would produce alkyloxypropionic salts. This 
was found to be the case. 

The methylic and ethylic acrylates used in our experiments were 
prepared from dibromopropionie acid (procured from allyl alcohol), 
in accordance with the directions of Caspary and Tollens (Aimalen^ 
167, 247). The method is tedious, and gave in our hands only a 
small yield of the ethereal acrylate. 120 grams of ally! alcohol 
yielded 10 grams of methylic acrylate boiling at 80—85°; 70 grams 
of the alcohol yielded only 5 grams of the ethylic salt. Owing to the 
difficulty of obtaining these acrylic salts, our experiments were con¬ 
ducted on a limited scale. 

Methylic Acrylate and Methyl Alcohol .—A mixture of 10 grams of 
methylic acrylate with 15 grams of methyl alcohol, in which 0*27 gram 
sodium had been dissolved, was left at the ordinary temperature 
for two hours, and then heated for some time on the water-bath, using 
a reflux condenser. As the mixture was found to have become neutral, 
another 0*27 gram sodium in alcoholic solution was added, and the 
heat of the water-bath applied again for an hour, after which the 
liquid still remained faintly alkaline. The quantity of sodium used 
relatively to that of ethereal salt amounted to one-fifth of an atomic 
proportion. Water was added, and the mixture shaken with ether. 
The ethereal extract, having been dried with potassium carbonate, 
yielded by fractional distillation 4 grams of an oil which boiled at 
146—145°. As the results of analysis showed that the liquid 
probably contained alcohol, it was treated with calcium chloride and 
again distilled, after which the analysis of the substance gave a 
percentage composition agreeing pretty closely with that of methylic 
m ethoxy propionate. 
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I. 0*2110 gram substance gave 0*1629 gram H a O and 0*3881 
gram C0 2 . 

II. 0*2173 gram substance gave 0*1705 gram H 2 0 and 0*403 L 
grain GO*. 

Found.] 

Calculated for f - K -^ 

C 8 H 10 Oj. I. II. 

C. 50*85 50*16 50*59 

H. 8*47 8*58 8 72 

0 . 40*68 — — 


i. If. 

50*16 50*59 

8*58 8 72 


100*00 


The aqueous solution from -which the methylic methoxypropionate 
had been removed contained the sodium salt of the same acid. The 
acid was obtained by acidifying the solution with sulphuric acid and 
extracting with ether, but as it did not solidify it was converted into 
the calcium salt ; the latter, on evaporation of its aqueous solution, 
was obtained as a gum which dried up on standing over sulphuric 
Acid to a slightly coloured, brittle, deliquescent resin. 

0*4850 gram substance dried at 105° gave 0*1958 gram 0a00 3 . 

Calculated for 

C 8 H 14 0 6 Ca. Found. 

Ca. 16*26 16*15 

Ethylic Acrylate and Ethyl Alcohol .—5 grams of ethylic acrylate 
were added to 13 grams of ethyl alcohol in which 1*1 grams of sodium 
had been dissolved, the proportion of sodium used in this case being 
1 atom of sodium to 1 mol. of the ethereal salt. The mixture was 
heated for two hours on the water-bath, using a reflux condenser; 
water was then added, which dissolved a white precipitate which had 
formed, and the solution was heated to evaporate off the alcohol and 
cause complete hydrolysis. By acidifying the liquid with sulphuric 
acid and extracting it with ether, an acid was obtained from it in the 
form of a slightly coloured syrup, from which the calcium salt was 
prepared by treatment with calcium carbonate. The salt formed a 
thick syrup, which, on being heated at 105°, dried up to a solid 
which was soluble in alcohol. It was obtained as a deliquescent, 
crystalline mass on adding a few di'ops of water to the alcoholic solu¬ 
tion and leaving it to evaporate over sulphuric acid. The following 
analyses show that the substance, although not quite pure, was calcium 
ethoxypropionate. The substance employed for analysis was dried 
at 105°. 

I. 0*3537 gram substance gave 0*2121 gram H 2 0 and 0*5432 
gram C0 2 ; the residue weighed 0*0890 gram, and yielded 
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0*1285 gram CaC0 3 , and contained therefore 0*0170 gram 
C°, 

II. 0*3345 gram substance gave 0*1987 gram H 2 0 and 0*5109 
gram CO!; the residue weighed 0*0882 gram, and yielded 
0*1220 gram CaC0 3 , and contained therefore 0*01988 gram 
C0 2 . 

III. 0*7014 gram substance gave 0*2554 gram CaC0 3 . 


Calculated for 


C. 43*80 

H. 6*57 

Ca. 14*60 

O. 35*03 


Found. 

_ 

i. 

II. 

Ilf. 

43-20 

43-28 

— 

6-66 

6-60 

— 

14-53 

14-59 

14*57 


100*00 


The quantities of material at our disposal were so small that it was 
impossible to ascertain whether the compounds formed by the addi¬ 
tion of alcohol to the ethereal salts of acrylic acid are a- or ^-deriva¬ 
tives of propionic acid. When acrylic acid combines with the 
elements of water, hydracrylic acid is produced. Judging from 
analogy, it seems probable that the acids formed by the addition of 
alcohol are /J-alkyloxypropionic acids. The fact that the calcium salt 
which we obtained did not crystallise in the well-defined manner 
ascribed to calcium a-etlioxypropionate (Annalen, 208 , 339) gives 
some support to the conclusion. On the other hand, Butlerow 
{Annalen, 118 , 325) found acrylic acid and a-ethoxypropionic acid as 
products of the action of sodium ethylate on iodoform, and concluded 
that the latter acid had been produced from the former. 


Ethereal Salts of Crotonic Acid . 

Methylic and ethylic crotonates were prepared by heating a mix¬ 
ture of the acid with the respective alcohols and sulphuric acid. The 
ethereal salt was separated by the addition of water, shaken with 
sodium carbonate solution, and dried with calcium chloride. 70 grams 
of crotonic acid heated with 100 grams of ethyl alcohol and 25 grams 
of sulphuric acid gave 60 grams of ethylic crotonate boiling almost 
entirely at 140—142°. 50 grams of crotonic acid, 75 grams of methyl 
alcohol, and 18 grams of sulphuric acid gave 38 grams of methylic 
crotonate boiling at 119—120°. 

Methylic Crotonate and Methyl Alcohol .—20 grams of methylic 
crotonate were added to 28 grams of methyl alcohol containing in 
solution 0*5 gram of sodium, equal to about one-tenth of an atomic 
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proportion relatively to the weight of the crotonate, and the mixture- 
was heated for some time on the water-bath. The product, by treat¬ 
ment similar to that employed in the case of methylic acrylate, yielded. 
15 grams of an oil having the boiling point 146—148°, which on 
analysis proved to be a-methylic methoxybutyrate. 


I. 0*1885 gram substance gave 0*1535 gram H s O and 0*3777 
gram C0 3 . 

II. 0*2403 gram substance gave 0*1985 gram H 3 0 and 0*4788 
gram CO^. 

Found. 


C 


Calculated for 

CgHigOg. 

. 54*55 


I. 

54 65 


II. 

54*34 


H. 9*09 9*05 9*18 


O . 36*36 


100*00 


Methylic methoxybutyrate readily undergoes hydrolysis on heat¬ 
ing with a 10 per cent, aqueous solution of sodium hydrate, yielding 
sodium methoxybutyrate. This salt is obtained by treating the pro¬ 
duct of hydrolysis with carbonic anhydride, evaporating the liquid to 
dryness, and then treating the residue with alcohol, in which the salt 
is readily soluble. On evaporating the alcohol, it remains in the form 
of a thick syrup, which solidifies on standing. 

Analysis of the substance dried at 100° yielded the following 
results:— 

I. 0*3447 gram substance gave 0*1990 gram H 3 0, 0*4859 gram 
OOs, and. 0*1330 gram NaaCOj. 

II. 0*2909 gram substance gave 0*1673 gram H 2 0, 0*4080 gram 
CO 2 , and 0*1132 gram KasCOj. 

III. 0*8278 gram substance gave 3*3161 gram Na^CO* 


Calculated for 
CjHgOjK a. 


O. 42*86 

H. 6*43 

3Na. 16*43 

O. 34*28 



Found. 


iT 

n. 

in. 

42-81 

42-66 

— 

6-41 

6-39 

— 

16-74 

16-89 

16*57 


100*00 

The zinc salt, prepared by evaporating the aqueous solution of the 
sodium salt with zinc sulphate and extracting the dry residue with 
alcohol, is a thick gum. The barium salt is a gum which solidifies 
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on standing. The acid, obtained by acidifying a solution of the 
.zinc salt and extracting with ether, is a liquid. 

As the acid and its salts are devoid of well-marked characteristics, 
we prepared the acid amide with the view of obtaining a better 
-defined derivative. 

For this purpose, 6 grams of methylic methoxybutyrate were 
mixed with three volumes of strong aqueous ammonia and heated at 
100° in a sealed tube for 12 hours. On evaporating the liquid over 
sulphuric acid, the amide was deposited in the form of a scaly, crystal¬ 
line mass. When reciystallised from ether and dried in a vacuum, 
it melted at 69°, and gave the following results on analysis:— 

0*1785 gram substance gave 01520 gram H 3 0 and 0*3340 gram 
C0 2 . 

0*2540 gram substance gave 26*1 c.c. N at 16 c and 761 mm. bar. 

Calculated for 

C 3 H u NO> Found. 


C. 51*28 51*03 

H. 9*40 9*46 

N. 11*97 12*18 

O. 27*35 — 


100*00 

The acid obtained in the manner described, by the addition of the 
elements of methyl alcohol to crotonic acid, must be either a- or 
^-methoxybutyric acid. Duvillier {Arch. Ghem. [5], 17, 548) pre¬ 
pared methylic a-methoxybutyrate having the boiling point 
150—155°, by the action of sodium methylate on methylic a-bromo- 
butyrate, and from the ether he obtained the acid amide in the form 
of slender needles which melted at 77—78°. The difference in the 
boiling points of the methylic methoxybutyrate prepared by Duvillier 
and that which we obtained is not great, and might be due to 
impurity in one or other of the preparations, but the amide prepared 
by us differs decidedly, both as regards melting point and crystalline 
form, from Duvillier’s, and we therefore conclude that in the reac¬ 
tions we have described the oxyalkyl group unites with the ^-carbon 
atom. 

Ethylic Crotonate and Ethylic Alcohol .—51 grams of the crotonate 
were heated for half an hour with 120 grams of ethyl alcohol in which 
10*1 grams of sodium had been dissolved, the proportion being in this 
case 1 atom of sodium to 1 mol. of ethereal salt. 

The product was poured into cold dilute sulphuric acid, and the 
oil which separated, having been dried with potassium carbonate, 
was submitted to fractional distillation. No ethyl crotonate was left 
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unacted on. Tlie fraction boiling at 1G8—173°, which amounted to 
16 grams, and constituted most of the oil, gave the following’ results 
on analysis:— 

I. 0*2367 gram substance gave 0*2150 gram H>0 and 0*6211 gram 

C0 2 . 

II. 0*2356 gram substance gave 0*2102 gram H a Oand 0 5177 gram 

co 3 . 

Found. 

Calculated for f -*-\ 

C 8 H lh 0 3 . I. II. 


C . 60*00 60-04 59*95 

H. 10*00 10*09 9*92 

O . 30*00 — — 


100*00 

The substance was therefore ethylic ethoxy butyrate. By employ¬ 
ing a smaller quantity of sodium, viz., 0*08 of an atomic proportion, 
we obtained 18 grams of the substance from 25 grams of the 
crotonate. 

Ethylic ethoxybutyrate undergoes hydrolysis when heated with 
an alcoholic solution of potassium hydrate. By neutralising the 
product with sulphuric acid, evaporating to dryness, and treating 
the residue with absolute alcohol, a solution of the potassium salt 
was obtained. On evaporating the alcohol, a syrup was left which, 
on standing in a vacnum, gradually deposited minute, very deli¬ 
quescent, crystalline needles. An estimation of potassium in the 
substance, dried at 105°, was made with the following result:— 

0*7102 gram substance gave 0*3628 gram K 2 S0 4 . 

Calculated for 

Found. 

K. 22 99 22*93 

The alcohol with which the ethylic crotonate combines is there¬ 
fore not eliminated by hydrolysis with potassium hydrate. 

Ethoxybutyric acid, obtained by acidifying an aqueous solution of 
the potassium salt and extracting with ether, is a syrupy liquid. 
The calcium and barium salts are gums soluble in water and in 
alcohol. The silver salt is precipitated in the amorphous state on 
adding silver nitrate to a solution of the barium salt; it is soluble in 
hot water, but could not be obtained crystalline. The acid amide, 
prepared in the same way as methoxybutyramide, is deposited in the 
form of a scaly, crystalline crust, which melts at 73—75°, and after 
being recrystallised from ether and dried in a vacuum, at 75°. It 
gave the following results on analysis:— 







480 PURDIE AND MARSHALL: THE ELEMENTS OP ALCOHOL 


I. 0 2583 gram substance gave 0*2325 gram H 2 0 and 0*5162 
gram CO 2 ; 0*3303 gram gave 31*0 c.c. ET at 12*5° and 
750 mm. bar. 

II. 0*2047 gram substance gave 0*1S67 gram H»0 and 0*4095 
gram CO 3 ; 0*2437 gram gave 21*9 c.c. 1ST at 10° and 
761 mm. bar. 

Pound. 


Calculated for --^-\ 

c 6 h 13 no 3 . I. II. 

c . 54*96 54*50 54*56 

H. 9*92 10*00 10*13 

ST. 10*69 11*11 10*89 

O. 24*43 — — 


100*00 


This amide is probably identical with the amide obtained by Pinner 
( Ber ., 12 , 2057) by the action of hydrochloric acid on allyl cyanide 
alcoholate, and which he regards as j 6 -ethoxybutyramide. To allyl 
cyanide alcoholate, Pinner assigns the formula CH 3 *CH(OEt)*CH/CN. 
This substance, when hydrolysed with potassium hydrate, yields 
crotonic acid; we find, on the other hand, that ethylic ethoxy- 
butyrate gives, by hydrolysis with potassium hydrate at 100 °, not 
crotonic acid, but ethoxybutyric acid. When aqueous potassium 
hydrate was used for the hydrolysis, the acid obtained was certainly not 
quite pure. Thus a barium salt made from such acid gave 35*06 
per cent, of barium, the number calculated for barium ethoxy butyrate 
being 34*34, and for barium crotonate 44*63, but no crotonic acid 
was deposited from the ethoxybutyric acid when it was evaporated 
to a syrup. It is possible that allyl cyanide alcoholate is not /3- 
ethoxybutyronitrile, but an imide ether of the formula 

CH 2 :OH-CH a -C(OEt):NH, 

and that the alcohol unites with the doubly-linked carbon atoms 
when the substance is hydrolysed with hydrochloric acid. 

Schreiner (Annalen, 197, 16) prepared ethylic a-ethoxybutyrate 
having the boiling point 168*5°, by the action of sodium ethylate on 
ethylic a-hromohntyrate. The boiling point of the ether we have de¬ 
scribed approximates closely to that given by Schreiner, which 
would indicate that it is an a-derivative. On the other hand, the 
melting point of a-ethoxybutyramide is 68—69°, six degrees lower 
than the amides prepared by ns. Further, the a-amide referred to 
was obtained by Duvillier (Ann. Ghim. Phys. [5], 17, 542) by heat¬ 
ing the ethylic salt at 100° with alcoholic ammonia. We heated the 
ethylic ethoxybutyrate obtained from ethylic crotonate at 100 ° in a 
sealed tube for 20 hours with a saturated solution of ammonia in 
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ethyl alcohol, and no amide was formed, the greater part of the oil 
being recovered unaltered. We therefore think it is probable that 
the compounds we have described are /3-ethoxy-derivatives of butyric 
acid. 

This conclusion accords with the recent observation of Fittig 
(Ber., 24, 84), that a/3-nnsaturated acids yield ^-hydroxy-acids 
when boiled with aqueous sodium hydrate 


• Ethereal Salts of various Vhsatwated Adds. 

Experiments on the additive action of alcoholic sodium alkylate 
were made with the ethereal salts of various other unsaturated acids 
besides those already mentioned. In some cases it was found that no 
permanent addition change occurred; in other cases, owing to the 
difficulty of obtaining pure products, the result was left in doubt. 
We append a short statement of our experiments. 

Ethy he 2Fethaciylate .—Calcium methacrylate was obtained by 
Fittig’s method from citraconic anhydride, and from this the silver 
salt was prepared. Ethyl iodide reacts with silver methacrylate with 
difficulty at the temperature of the water-bath, and this method is 
unsuitable for the preparation of the ethereal salt. A small quantity 
of the substance was, however, obtained boiling at 110—120°. 
After completing our preparation, we found that Paul (Annalen, 188, 
56) had made ethylic methacrylate by the same method, except that 
he heated the materials in a closed tube at 100°, and was unable to 
distil the liquid, as it suddenly gelatinised. We succeeded in distil¬ 
ling the liquid. A specimen, however, which was reserved, was found, 
after some months, to have become transformed into a tough, colourless, 
transparent mass of the consistency of indiarubber. 

The product obtained by the action of alcoholic sodium ethylate on 
ethylic methacrylate was acidified and extracted with ether. The oil 
left on evaporation was hydrolysed with alcoholic potash, and the 
product acidified and extracted with ether. The liquid acid thus 
obtained yielded a barium salt which did not crystallise, but solidi¬ 
fied when dried at 100°, and gave on analysis 0 34*59, H 4*94, Ba 
36*50 per cent., the corresponding calculated numbers for barium 
methoxyisobuiyrate being 36*09, 5*51, and 34*34. These results indi¬ 
cate that the additive action had occurred, but that the substance 
contained some barium methacrylate. 

Ethylic Angelate .—Angelic acid was prepared from camomile oil. 
Puckert’s method (Annalen, 205, 240) gave unsatisfactory results, 
aqueous caustic potash having little or no action at the ordinary 
temperature on our sample of the oil. By Beilstein and Wiegand’s 
modification of Pagenstecher’s process (Per., 17, 2261) we obtained 
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48 grams of angelic acid, melting at 44—45°, from 500 grams of 
camomile oil. The tiglic acid 'which we succeeded in separating 
amounted to 2 or 3 grams only. 

In order to avoid the risk of the conversion of angelic into tiglic 
acid, ethylic angelate was prepared by the action of excess of ethylic 
iodide on silver angelate, dried below 100°, and finally in a vacuum. 
37 grams of angelic acid yielded 24 grams of ethylic angelate boiling 
at 135—145°, mostly at 140—145°. When ethylic angelate was 
treated with alcoholic sodium ethylate in the proportion of ^ atom 
of sodium to 1 mol. of angelate, an oil was obtained by extrac¬ 
tion with ether, which was found by its boiling point, 145°, and by 
its yielding angelic acid on hydrolysis, to be unaltered ethylic 
angelate. When the proportion 1 atom sodium to 1 mol. of angelate 
was nsed, the product solidified. By treatment with acid and extrac¬ 
tion with ether, a little tiglic acid was obtained, recognised by the 
melting point 65°, and an oil which, after distillation and hydrolysis, 
also yielded tiglic acid. A barium salt made from this acid gave on 
analysis 40*68 per cent, of barium, 40*92 being the percentage of 
barium calculated for barium angelate or tiglate. Ethylic angelate, 
therefore, does not unite with ethyl alcohol to form a saturated com¬ 
pound under the conditions of onr experiment. 

The conversion of angelic into tiglic acid under the conditions 
described is a point of some interest which we intend to investigate 
further. 

Ethylic Allylacetate ,—This ethereal salt was prepared from ethylic 
allylacetoacetate. We found that the latter, when heated with a 
relatively small quantity of alcoholic sodium ethylate, undergoes de¬ 
composition similar to that which is known to occur (Annalen, 234, 
164) with ethylic acetoacetate under similar conditions. On heating 
10 grams of ethylic allylacetoacetate with 14 grams of ethyl alcohol, 
containing 0*13 gram of sodium in solution, at 180° in a sealed tube, 
the mixture still remained alkaline, and we obtained from it 5 grams 
of ethylic allylacetate boiling at 140—150°, the boiling point of the 
pure ethereal salt being 142—144°. It appeared from its mode of 
preparation that this substance did not unite with alcohol to form a 
saturated compound, but as decomposition of the additive compound 
might possibly have occurred during distillation, the ethylic allyl¬ 
acetate was heated again on the water-bath with ethyl alcohol and 
one-tenth atomic proportion of sodium ethylate. By hydrolysis, 
acidifying, and extracting with ether, a liquid acid was obtained, from 
which the calcium salt was made. The latter was found to contain 
16*86 per cent, of calcium, the calculated percentage for calcium 
allylacetate being 16*81. No addition, therefore, had occurred. 

J Ethereal Ctnnamates .,—Numerous experiments were made with both 
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methylic and ethylic cinnaraates and sodium and potassium alkylates 
in alcoholic solution under varying conditions of proportion of 
materials and temperature, but no saturated compound was obtained, 
the cinnamic acici being recovered unaltered. 

Ethylic o- (0)EthyIcoumarate .—This substance was treated with 
alcoholic sodium ethylate in the proportion of 1 atom of sodium to 
1 mol. of coumarate, and the mixture was heated on the water-bath 
No additive compound was found. From the product of hydrolysis, 
0 -(£)erhylcoumaric acid alone was obtained, recognised by its melt¬ 
ing point, 133°. 

Ethylic Pkenylpropiolate .—This substance was prepared by Perkin’s 
method (Trans., 1884, 174). It was distilled under reduced pressure, 
and boiled at 208—210° at 60 mm. When alcoholic sodium ethylate 
w as added in the proportion of 1 atom of sodium to 1 mol. of the 
ethereal salt, a precipitate was formed, and the mixture became 
warm. By adding glacial acetic acid and water, and shaking with 
ether, an oil was obtained which, however, underwent decomposition 
when treated with caustic soda. It was probably unaltered ethylie 
phenylpropiolate. In another experiment in which sodium was used 
in smaller quantity, phenylpropiolic acid was recovered and recog¬ 
nised by its melting point, 137°. The ethereal salt probably forms 
no permanent additive compound by the action of alcoholic sodium 
ethylate. We purpose, however, repeating the experiment. 

It appears from the results of our experiments that the ethereal 
salts of unsaturated acids differ greatly with respect to their capabi¬ 
lity of combining with the elements of alcohol Under the agency of 
sodium alkylates. This capability is evidently affected by the 
position of the doubly-linked carbon atoms and by the nature of the 
atomic groups with which they are united; we are unable, however, 
at present to draw any general conclusion regarding the influence of 
these factors. 

We intend to pursue the inquiry further. 
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As I am obliged for the present to discontinue my researches on 
nitrification, it is the object of the present paper to gather together 
the principal unpublished results which I have obtained. Many 
lines of investigation will be found incomplete, and some results 
stand in need of verification, but their publication may be of some 
value to other investigators. The facts I have to mention will be 
more conveniently grouped und *r distinct heads than narrated in 
chronological sequence. The first section deals with experiments 
made long ago, with more or less imperfect methods. 
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Distinction between the Production of Nitrites and Nitrates. 

1. Behaviour of Soil with Ammoniacal Solutions. 

The nitrification which occurs in a mass of aerated soil at the 
ordinary temperature is purely nitric in character, as not more than 
traces of nitrous acid are to be found in the drainage waters of culti¬ 
vated land. When nitrites are formed in a natural soil, their origin 
is apparently due to the action of reducing bacteria, which, under a 
deficient supply of oxygen, determine a reaction between the nitrates 
and the organic matter of the soil. 

In the early years of my investigations a good many experiments 
were made as to the nitrous or nitric character of the reaction pro¬ 
duced by adding a few particles of fresh soil to solutions of ammonium 
chloride containing sodium potassium tartrate, potassium phosphate, 
magnesium sulphate, and an excess of calcium carbonate. If the 
solution was cold and weak (80 milligrams of ammonium chloride 
and the same of tartrate per litre), the nitrification was slow, but 
almost wholly nitric in character, traces only of nitrous acid occur¬ 
ring in any stage of the operation; the depth of the solution might 
be 5 inches without altering this result. 

If a solution eight times this strength was placed under the same 
conditions, nitrous acid was at first produced in large quantity, but 
finally this was converted into nitric acid. By reducing the depth of 
the solution to 1 inch, the production of nitrous acid was much dimi¬ 
nished, and that of nitric acid increased. By raising the temperature 
to 30° nitrification became much more rapid, the production of nitrites 
was greatly increased, and took place abundantly even in the case of 
weak solutions; but here also the nitrites were finally converted into 
nitrates. The rates of nitrification showed that the production of 
nitrites in cold, strong solutions, was not due to a deficiency of 
oxygen (Trans., 1879, 447). 

The main point to which I would now direct attention is that nnder 
all circumstances of depth of solution and temperature examined, 
nitrates were the final result of the action of soil. It is, indeed, easily 
proved that soil possesses the power of converting nitrites into nitrates, 
by adding a few particles of soil to a weak solution of potassium 
nitrite containing the necessary phosphates, &c .: the nitrite is found 
after some weeks to be completely converted into nitrate. 

In a series of experiments in which a clay soil from various depths 
was placed in a ^ per cent, urine solution with calcium carbonate, it 
appeared that the property of producing nitrates was possessed not 
only by the surface soil, but also by the subsoil from various depths 
extending to 4 feet below the surface. The surface soil of pasture 

2u2 
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land showed a greater tendency to produce nitrites than the surface 
soil of arable land. 

2. Recognition of a Purely Nitrous Agent . 

If we proceed to make a series of successive cultivations in am- 
moniacal solutions, starting from a culture which has yielded 
nitrates, we sometimes meet with an entirely different phenomenon— 
the power of producing nitric acid is found to be entirely lost, while 
the production of nitrous acid from ammonia continues with great 
vigour. * 

This fact was observed very early in my investigations (Trans, 
1879, 451). On August 11,1878, two ammoniacal solutions, JD and 
KD, were seeded from an old culture which had produced nitrates; 
when nitrification commenced, the quantity of nitrite present was 
fiom time to time determined with a solution of potassium perman¬ 
ganate, On November 4, nitrification was almost completed, a trace 
only of ammonia remaining. On March 13, 1879, 129 days after¬ 
wards, tbe quantity of nitrite present was nndiminished; in amounted 
to about 92 per cent, of the ammonia originally present. After the 
publication of these results, the cultures in question were placed in 
an incubator at 30° for 52 days; they were afterwards kept iu the 
cold for three years. No diminution in the amount of nitrites was 
observed. 

The conclusions arrived at in 1879 are thus summarised at the end 
of u Nitrification, Part II.” 

a 20. The product of nitrification is not uniform; sometimes nitrous 
and sometimes nitric acid is produced. A purely nitric fermentation 
has occurred only in the case of cold dilute solutions nitrified in the 
dark. In the case of strong solutions, or of nitrification at elevated 
temperatures, or in the light, the nitrification has been wholly or 
chiefly nitrous. Cold dilute solutions, in which nitrification has been 
long checked by the absence of a salifiable base, also assume a nitrous 
fermentation when a base is introduced. Further investigation is' 
needed under this head. 

“ 21. It does not appear that the production of nitrous acid is due to 
a deficiency of available oxygen; at least this is not a sufficient expla¬ 
nation for all the facts. The production of nitrous or nitric acid 
seems to depend in part on the condition of the ferment. The subject * 
is as yet very obscure. 

~ 22. The nilrites which are produced during nitrification sometimes 
pass into nitrates with astonishing rapidity during the final stage of 
the process, and before the ammonia has entirely disappeared. Under 
other circumstances, they remain unchanged for a long time after all 
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ammonia has been consumed. Light is apparently a condition which 
prevents nitrites from turning into nitrates. This, like the preceding 
question, is at present very obscure. 

u 23. The nitrifying ferment in certain conditions seems only capable 
of producing nitrous acid, and is unable, even in the dark, of convert¬ 
ing nitrites into nitrates.” 

Results similar to those obtained in cultures JD and KD were 
afterwards obtained in several other instances, and much labour was 
spent to ascertain—(1) the permanence of the nitrous agent; (2) the 
purity of its action; (3) the conditions of its formation. Very little 
of this work has been published. 

At the commencement of my next communication to the Society 
(Trans., 1884, 45, 637), I say that much time has been spent in “ an 
attempt to elucidate the causes which determine the nitric or nitrous 
character of the final product. This special branch of the inquiry, 
in spite of much labour, is not yet ripe for publication.” Later oil 
(pp. 638, 639) I mention that Messrs. Schloesing and MUntz regard 
the formation of nitrites in a solution as determined simply by external 
conditions (temperature too low, and want of aeration), while my own 
results show that in certain cases the result is determined solely by 
the character of the agent introduced. “ It is indeed possible to have 
two similar solutions, under identical external conditions, in one of 
which only nitrites, and in the other only nitrates are being pro¬ 
duced.”* The subject has recently assumed fresh importance in the 
light of new developments in the theory of nitrification. I will pro¬ 
ceed, therefore, to give a brief account of the principal facts shown by 
my own experiments. 


3. The Permanence of the Nitrons Agent . 

When once the nitrifying agent has assumed the nitrous character 
it ever afterwards retains it; at least, I have failed to find conditions 
under which the faculty for producing nitrates may be restored. In 
early experiments (1879—82) successive cultivations of the nitrite- 
yielding organism were carried out for two years in ammoniacal 
solutions without any alteration appearing in the product. Diminish¬ 
ing the depth of the solntion to half an iuch, so as to obtain abundant 
aeration of the liquid, did not hinder the formation of nitrons acid, or 
cause any nitric acid to be produced. The experiments were made in 
tumbler beakers, covered by a clock glass, over which was a closely- 

# Dr. J. H. M. Munro (Trans., 18S6, 49, 653, 659, 660) has also obtained 
cultures in which only nitrites were produced, and remained permanent. He found 
the water of a shallow well to possess this property. 
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fitting cap of Biter paper. Cultivation at a temperature of 30°, with 
or without a shallow depth, was equally ineffective. 

The nitrite-yielding organism nitrified dilute urine and asparagine 
solutions, and later experiments showed that it equally attacked 
milk; in all cases nitrites w ere produced, and these remained per¬ 
manently in the solution. Quite recently I have grown the nitrite- 
yielding organism in ammoniaeal solutions containing 20 per cent, of 
broth; here, again, apparently only nitrites were produced. In no 
ease has the liberal nourishment of the organism altered its pro¬ 
perties ; it has not thus obtained increased vigonr and gained the 
power of producing nitrates. 

The nitrite organism is without effect on solutions of potassium 
nitrite, supplied with phosphates, &c., which are rapidly converted 
into nitrate by soil, or by seeding from cultures which oxidise ammonia 
to nitric acid. 


4. The Purity of the Nitrite Product . 

I have said that the nitrous agent produces only nitrous acid. This 
is my belief on the evidence before me, but it is not a fact of which 
the absolute demonstration is easy. There is no difficulty in showing 
that very little nitric acid can be present; the difficulty is to decide 
with perfect accuracy whether there is a little or none. The experi¬ 
ments I now refer to were made in 1880—81. 

The nitrous acid was determined volumetrically by a weak solution 
of potassium permanganate. Asa very small quantity of tartrate was 
the only organic matter (besides the organisms) in my ammoniaeal 
solutions, this method was quite suitable. 

It is easy to obtain low results when determining nitrites with 
permanganate; indeed, the solutions cannot be mixed in the presence 
of an acid without a slight nitrous odour being perceived, showing 
that a part of the material is escaping full oxidation; and this Ions 
may be much intensified if care is not taken as to the mode of mixing. 
The plan I finally adopted was to ascertain approximately (if need be, 
by a prelimiuaiy experiment) what amount of permanganate was 
required; then in a final experiment to add a somewhat greater 
volume of permanganate to the nitrite solution, acidifying with 
sulphuric acid, and allowing the whole to stand 5 minutes: the excess 
of permanganate was then found by adding potassium iodide, a little 
starch, and titrating with sodium thiosulphate. 

The permanganate should always be standardised with a pure 
nitrite, employed as the succeeding experiments will be made; if this 
point is neglected, the results are sure to be low. Thus 1 c.c. of the 
permanganate I used had a value of 0*0001284 gram of nitrogen as 
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nitrite when standardised with iron, but a value of 0*0001352 when 
standardised with potassium nitrite prepared from silver nitrite, and 
used as above described. 

The presence of nitric acid in a nitrite solution may be ascertained 
by the difference between the amount of nitrous acid and the amount 
of total nitrous and nitric acid present; but determinations by differ¬ 
ence can hardly be considered satisfactory when very small quantities 
are in question. The method I employed was, in principle, that 
recommended by Piccini ( Gazzetta , 9, 395). About 5 c.c. of the 
nitrite solution were placed in a small beaker, urea was then 
dissolved in the liquid, a few drops of dilnte sulphuric acid 
added, and the beaker then plunged into boiling water for two or 
three minutes: all nitrites were now completely destroyed, and 
it was possible to test for any remaining nitrate with diphenyl- 
amine,* or with other suitable reagents. Urea, when employed for 
this purpose, should always be tested with diphenylamine, as so-called 
“ pure ” urea sometimes contains nitric acid. 

This method would have answered the purpose very perfectly, but 
for the fact, afterwards discovered, that traces of nitric acid are 
always found by this method, even when a pure nitrite is operated on. 
This I believe to be due to the decomposition of nitrons acid in the 
presence of water and air, as soon as it is separated from combination 
by the addition of a stronger acid ( Ohem . News, 1885, 51, 41).f 

Only traces of nitric acid were found by the urea process in the 
cultures I examined. In nine solutions the nitrogen as nitric acid in 
one case only exceeded 1 part per million. In four instances of 
quantitative experiments the nitrous nitrogen averaged 97*3 per cent, 
of the total nitrogen. If nitric acid is in any case really present, it 
must occur as a bye-product, as we have seen that the nitrous agent 
hah no power of converting nitrites into nitrates. 

* Diphenylamine, as is well known, produces its splendid violet tint both with 
nitrous and nitric acid; there is, however, a marked distinction in its behaviour 
with these acids, the knowledge of which is often of service to the chemist. If the 
bolution of diphenylamine is not too strong, a drop of it produces little turbidity 
when added to water, or to a solution of a nitrate; but if a nitrite is present, a 
considerable cream-coloured turbidity ensues. This reaction is, I believe, well 
known to organic chemists. When strong sulphuric acid is dropped in after adding 
the diphenylamine, the violet colour appears after the first drop or two of acid 
when a nitrite is present, but only after a much larger addition in the case of 
nitrates, except the solution is vexy strong. 

f The methods subsequently employed by P. P. Prankland (Trans., 1888, 364) 
are very good for ordinary purposes, but are probably open to the errors already men¬ 
tioned. The determinations given of nitrites by his urea method are probably below 
the truth, a fact masked iu Prankl&nd’s experiments, as the strength of his sodium 
nitrite was only ascertained by permanganate. The evaporation of d nitrite with 
ammonium chloride is, I think, sure to produce a trace of nitrate. 
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5. Conditions which Determine the Formation, or Separation , of a 

Nitrous Agent 

When a solution ■which h&s nitrified, and yielded nitrates, is 
employed for seeding other solutions, the relative production of 
nitrons and nitric acid may vary according to the concentration, the 
depth, and the temperature of the liquid, precisely as has been 
already noticed in cases in which soil itself has been employed as seed 
(p. 485). 1 have no facts, however, to show that any of these con¬ 
ditions continually repeated finally destroyed the power of producing 
nitric acid, though it is possible that this may be the case. 

The earliest results apparently showed that in a series of successive 
cultures in ammoniacal solutions the property of forming nitrates 
became weakened. Also, that the age of the culture was in some cases 
a determining factor in the alteration of its properties; as before a 
certain date a culture might be able to impart to other solutions the 
power of producing nitrates, while after that date it was not able to 
do this. The following table, which shows the derivation of the first 
two cases of a purely nitrous agent, will illustrate these points. The 
composition of all the solutions employed in the first series will be 
found in Trans., 1878, 44; 1879, 429. Those used in the second 
series were quite similar. 


Name of 
culture. 

Seed employed. 

Date of seeding. 

Final result. 

AD2 

pasture soil 

July 11,1877 

Nitrates. 

AD 

AD2 

October 15,1877 


AL 

AD2 and AD 

October 15, Dec. 2,1877 

»» 

G 

AL 

May 18,1878 

» 

JD and ED 

AL 

August 11,1878 

Nitrites. 

N'4 

pasture soil 

September 29,1879 

Nitrates. 

A2 

N'4 

January 8,1880 

»» 

5A 

N'4 

September 28,1880 

! 

Nitrites. 


In the second series mentioned in the table, much nitrous acid was 
produced in the first subculture from N'4, and the change into nitric 
acid took place only after a long time: the power of producing 
nitrates was thus much weakened before it was finally lost. 

About this time Pasteur published his results on the attenuation of 
the virus of chicken cholera; he showed that by allowing a culture 
of this organism to become old the organism became of diminished 
energy, and when cultivated in fresh solutions continued to produce 
organisms of the same diminished energy. It seemed to me very 
probable that the diminution in power observed in the nitrifying 
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organism was brought about in the same way*; indeed, the facts then 
existing seemed plainly to point to this conclusion; all my earlier 
cultures had in fact at this time lost their power of forming nitrates. 
On thi 3 hypothesis, the organism producing nitrites was simply a 
weaker form of an original organism producing nitrates. 

With the view of ascertaining whether the age of the culture was 
really the determining factor in its change of properties the follow¬ 
ing experiments were made:—About 400 c.c. of the weak ammonia- 
cal solution ordinarily used at this date (80 milligrams of ammonium 
chloride, 80 milligrams of sodium potassium tartrate, 20 milligrams 
of potassium phosphate, and 10 milligrams of magnesium sulphate 
per litre) were placed in a wide-mouthed pint bottle, the mouth 
closed with cotton-wool, and the whole sterilised in a water-oven. 
On March 8, 1881, an excess of calcium carbonate was added, the 
solution seeded with about 0*25 gram of arable soil, aud the bottle 
placed in an incubator at 30°. On March 15, the presence of nitrous 
acid could be detected. On March 25, the ammonia had disappeared. 
On March 29, the solution contained 19*4 parts of nitrous nitrogen 
per million. On April 8, the nitrites had entirely disappeared. On 
April 13, the nitrogen as nitric acid was 22*0 per million. The in¬ 
cubation period was thus 7 days; the period of oxidation of the 
ammonia to nitrous acid about 10 days ; whilst about 14 days more 
elapsed before the nitrites were converted into nitrates. This is a 
perfectly normal action, regard being had to the depth of the liquid 
and the high temperature. Had a precisely*simil&r bottle been kept 
at a temperature of 15°, no appreciable formation of nitrous acid 
would have occurred. The change of the nitrous into nitric acid was 
really very rapid, the solution containing 19*4 of nitrous nitrogen per 
million on March 29, and only 1*2 per million on April 5. 

From the culture thus obtained 1 proceeded to prepare subcultures 
at frequent intervals, with a view of ascertaining, if possible, the 
date at which the power of producing nitrates ceased to exist; these 
subcultures were conducted at the ordinary temperature of the air, in 
solutions similar to that just described. 

The subculture of April 28, 1881, was mainly nitric in character, 
the nitrous nitrogen never exceeding 4 per million; the nitrites dis¬ 
appeared about the same time as the ammonia. 

The subcnlture of May 28,1881,* was still more nitric in character, 
the small amount of nitrite formed at first disappearing long before 
the oxidation of the ammonia was complete. 

The July subculture was far more nitrous; the quantity of nitrite 

* This, and all the other subcultures, were seeded from the original culture of 
March 8, and not from the culture immediately preceding. 
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produced was very large,* and remained undiminished for some time 
after the disappearance of the ammonia, but finally changed to nitrate. 

The September, October, and November subcultures gave the same 
result as that of July. A certain amount of change had apparently 
taken place in the original culture of March, as now it produced a 
purely nitrous reaction even in the cold; but an agent having the 
power of producing nitrates was still present, and the nitrites always 
finally disappeared. 

The preparation of subcultures from the original culture of March 8 
was continued for two years, but without further alteration in the 
character of the reaction; the power of producing nitrates was thus 
not extinguished by age. Further experiments were made by start¬ 
ing new cultures from some of the subcultures after they had 
acquired a considerable age, but this also was without the desired 
result. A shorter series of trials with the same object was com¬ 
menced in November, 1881, using again arable soil (0*05 gram), and 
working entirely in the cold, but no culture having purely nitrous 
properties was obtained. 

Although these numerous experiments entirely failed to justify the 
hypothesis that the power of producing nitrates is necessarily lost iu 
a long series of successive cultures in ammoniacal solutions, or that it 
disappears as a culture increases in age, a purely nitrous organism 
was obtained in one experiment, and by a method which many repe¬ 
titions have shown to be almost invariably successful for the purpose* 
The method which pro&d successful was the constant presence of a 
certain excess of disodium carbonate. 

The disodium carbonate was used in two proportions, having a 
definite relation to the ammonium salt present. The single propor¬ 
tion of disodinm carbonate was sufficient to satisfy the acid of the 
ammonium salt, and also the nitrous or nitric acid produced, so that, 
theoretically, the solution would become neutral when nitrification 
was completed. The double proportion was twice this quantity. Aii 
the solutions contained 80 milligrams of ammonium chloride per litre, 
the single proportion of disodium carbonate amounted to 160 milli¬ 
grams, and the doable proportion to 320 milligrams per litre; with 
the latter proportion, the liquid would remain distinctly alkaline after 
nitrification had come to an end. 

Many experiments had been already made with the single propor¬ 
tion of disodinm carbonate, but without any conclusive effect on the 

* At the meeting of the British Association in August, 1831,1 read a short 
paper “ On Alterations in the Properties of the Nitric Ferment by Cultivation.*' 
In this paper the change from a nitric to a nitrous action was regarded as deter¬ 
mined by foe age of the culture, and with this view all the facts which up to that 
date had come under my notice agreed. 
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character of the nitrification. An experiment with tlie double pro¬ 
portion of disodium carbonate was commenced on October 13,1881: 
the solution was seeded from the May subculture already mentioned. 
Nitrification was extremely slow in beginning, an ocean ence which 
is usual in the case of alkaline solutions (Trans., 1884, 45, 655). 
Owing possibly to this circumstance, the culture was neglected, but 
when examined after many months it was found that the ammonia 
had disappeared, and that nitrous acid was abundant. On February 
10,1883, a number of old cultures, including the one just named, 
were used as seed for fresh ammoniacal solutions, supplied only with 
calcium carbonate as the necessary base; the object was to see if any 
of these old cultures contained the nitrous organism alone. Of the 
cultures tried, that only which had received the double proportion 
of disodium carbonate was found to give a pure and permanent 
nitrous product. 

Before the influence of an excess of disodium carbonate was known, 
various other attempts were made to alter the character of the 
nitrifying organism. As it appeared from the researches of Pasteur 
and others that the virulence of an organism was often permanently 
weakened by exposing it to conditions unfavorable to its existence, 
I tried whether exposure to excessive heat woald alter the character 
of the nitrifying agent. Two urine solutions were seeded with 
similar soil, but in one case the soil had been heated with a little 
water in a test tube for 2 hours to the tempeiature of 50°. Nitrifica¬ 
tion commenced a good deal later in the solution seeded with the 
heated soil, but the reaction did not assume a more nitrous cha¬ 
racter. A similar experiment, in which a nitrified solution was used 
as seed, failed, as the heating to 50° killed the nitrifying organism. 
Exposure of the same culture to strong sunlight for some days also 
rendered it sterile. 

In February, 1883, an extensive series of experiments was com¬ 
menced upon the yet unsolved problem. It was determined to take, 
at the same time, both pasture and unmanured arable soil, to start 
preliminary cultures from these, and then to seed from these cultures 
a series of vaiious solutions. The usual ammoniacal solution was 
employed, both with half (40 milligrams), and with double (160 milli¬ 
grams) tbe usual proportion of tartrate per litre. Each proportion 
of tartrate was employed both with calcium carbonate as the base, 
and with the before-mentioned “doable” proportion of disodium 
carbonate. Diluted milk (5 c.c. skimmed milk per litre) was also 
used with calcium carbonate, and with the double disodium carbonate. 
In one solution, both in the arable and pasture series, magnesia was 
omitted. Most of the first series of cultures were duplicated; in one 
case the liquid was shallow, and in the other deep. When nitrifica* 
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tion was completed it was intended to use each culture as seed for a 
solution similar to the first, so that the accumulated effect of each kind 
of solution might be perceived. Finally, the samples of pasture and 
arable soil serving as the source of the nitrifying agent were taken 
in February, May, and August, and a similar series of experiments 
started with each; it was hoped that in this way differences, if any, 
in the natural condition of the soil organism, might be perceived. 
The general results obtained were a<? follows:— 

The pasture soil gave a distinctly more nitrous reaction than the 
arable. In the preliminary cultures of the February and August 
soils, the nitrites remained unchanged far longer in the pasture than 
in the arable cultures. In tbe case of the August soils, the nitrites 
disappeared almost as soon as the ammonia in the arable culture, but 
remained more than 46 days after the ammonia had gone where 
pasture soil had been employed. The same difference of character 
was shown iu the subcultures. 

In all, out of 87 cultures, 15 gave a permanent nitrons product; of 
these 5 were derived from arable soil, and 10 from pasture soil. 

Of the 5 arable cultures, 4 were cases in which the double propor¬ 
tion of disodium carbonate had been employed. Of the 10 pasture 
cultures, 6 had received the disodium carbonate. I have little doubt, 
from the experience subsequently gained, that the whole of the 
cultures with excess of disodium carbonate would have yielded a 
purely nitrons product if the first cultures had been again used as 
seed for fresh alkaline solutions; this repetition was made only in 
the first series, as the required result had been obtained without 
carrying the work further. 

Of the cases in which 40 and 160 milligrams of sodium potas¬ 
sium tartrate were present, the former condition was apparently more 
favourable to the development or separation of a purely nitrous agent, 
for there were in all 5 instances of a permanent nitrous product with 
the smaller proportion of tartrate, and only 1 with the larger. Four 
milk, and 3 urine solutions, were among those in which the power of 
producing nitrates was lost. 

The results of this large series of experiments certainly help to 
explain the earlier facts which had appeared so puzzling. The ease 
with which the organism in the earlier cultures passed into the 
nitrous*condition was doubtless due to their having been all seeded 
originally with pasture soil ;* the difficulty subsequently experienced 
in producing this change was owing to arable soil having been sub* 
stitntecL 

The great infiuence of the alkali carbonate in promoting the change 

* The pasture soil was in every case taken from among the roots of the grass, at 
a depth of 11 —2 inches from the surface. 



WARINGTON ON NITRIFICATION. 


495 

from a nitric to a nitrons reaction has been amply confirmed by sub¬ 
sequent experiments. The change may be easily brought about by 
conducting nitrification in dilute solutions of ammonium carbonate. 
The culture solution I have usually adopted, containing ammonium 
chloride and calcium carbonate, is far more favourable to the produc¬ 
tion of nitrates. Schloesing has recently (Compt. rend., 109, 1889, 
883) mentioned excessive alkalinity of the solution as favourable to 
the production of nitrites, but he has never recognised that a per¬ 
manent nitrons agent may be obtained by cultivation in such a 
solution, or, indeed, by any other means. 

Although the experiments I have now described have shown in 
what manner an organism, producing only nitrites, may be obtained 
irom soil, they throw no light on the question whether the nitrifica¬ 
tion peformed by soil is the work of one or two organisms; whether, 
in fact, the nitrous organism is merely a weakened form of the 
original bacterium of the soil, or whether the nitrous agent hafi 
become prominent, and its work final, by the removal of the nitric 
agent with which it was at first associated. The question will bo 
discussed later on in this paper, when more facts are before us. 

We may here, however, usefully clear the ground of one hypothesis 
which has been offered in explanation of the production of nitrites in 
my own experiments. It has been suggested by Qayon and Du petit 
(Annales de la Science agronomique , 1885, 229) that the nitrites in my 
experiments have been formed by reduction. The fact of the absolute 
permaneuce of the nitrites in solutions containing a nitrifying 
organism, and the fact that very shallow liquids are as suitable for 
this nitrite production as deep solutions, would probably negative 
this hypothesis; we owe, however, to Dr. Munro, two further lines 
of proof, which must satisfy everyone that the operation in question 
is not one of reduction. 

Dr, Munro was the’first to show (Trans., 1886, 49, 653, 659, 660) 
that the production of nitrites alouo would readily occur in solutions to 
which no organic matter had been added, and which, therefore, did 
not possess the conditions suitable for a reducing process. This line 
of proof has since been abundantly confirmed by myself and others. 
He also showed ( Ghem. News, 56, 1887, 62) that the production of 
nitrites in an ammoniacal solution was not increased by the presence 
of nitrates, which remained unaffected during the reaction. 

The Isplatiok of tbe Nitrous Organism. 

* 1. Original Description of the Nitrifying Organism* 

Schloesing and Muntz, to whom we owe the proof that the process 
of nitrification is determined by a living organism, claim to have 
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separated that organism from all others, and have given a description 
of its appearance nnder the microscope (Gompt. rend,, 1879, 89, 891). 
The method nsed for its isolation consisted simply in the preparation 
of successive cultures in sterilised liquids suitable for nitrification. 
With the experience since obtained, it seems unlikely, though not 
impossible, that a pure culture would be obtained by this method: 
moreover, no proof of purity is given, save that the final culture con¬ 
tained but one kind of organism when viewed under the microscope. 
Their description, however, of the appearance of the organism agrees 
well with the characters since ascertained in cultures of greater claim 
to purity, and there can be little doubt that they actually observed 
the true nitrifying agent. What they have told us left, however, so 
many questions unanswered, that id was essential, for an exact know¬ 
ledge of the subject, that the organism shonld be carefully isolated 
and further studied. The isolation of the organism was not only 
required by the bacteriologist, it was also most important that the 
chemist should be able to study its properties when separated from 
the multitude of other organisms with which it is associated in 
soil. 

According to the original description of Schloesing and Muntz, 
the nitrifying organism consists of corpuscles, round or slightly 
elongated^ of varying dimensions, largest when grown in mediums 
rich in organic matter, but at all times very small, occurring either 
singly or in pairs, multiplying by division. Muntz and Marcano (Ann* 
OhimPhys. [6], 10, 1887, 563) have since stated that the nitrifying 
earths of Yenezuela contain in abundance an organism three or four 
times larger than that just described, but after cultivation in weak 
sewage the dimensions approximate to those of the French organism. 
The tropical organism apparently possessed peculiarly energetic 
nitrifying powers. 

Dnclaux (Chim, biologique , 1883, 708; Fremy's Encyclopedia, 9) has 
made a careful study of the nitrifying organism as separated by the 
French chemists. He speaks of it as having a feeble refractive 
power; as not being truly round or oval, but more like a bacillus broken 
short, with all its angles rounded; and further, as exhibiting a differ-, 
ence of size in the same culture greater than that shown by any other 
organism he is acquainted with. He naturally suggests that more 
than one species may be present. 

2. Earlier Eothamsted Work . 

My own work was originally undertaken solely from a chemical 
point of view, and previously to 1887 I had not the command of a 
microscope suitable for bacteriological work; some facts relating to 
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the development of the organism in nitrifying solutions were, how¬ 
ever, observed, and a few microscopic observations were made by- 
friends to whom materials were submitted. 

It was soon noticed that when nitrification had energetically set 
in, the small quantity of precipitated calcium carbonate placed at 
the bottom of the bottle assumed a curdled appearance, hanging 
together in flakes. When the supply of calcium carbonate was 
insufficient, it was entirely dissolved as nitrification proceeded, and 
small flocks of gelatinous matter remained at the bottom of the 
culture. The same gelatinous matter could be produced by treating 
the curdled sediment with dilute hydrochloric acid. Both the 
curdled sediment, and the gelatinous matter were microscopically 
examined by'Mr. G. H. Makins, of St. Thomas’s Hospital, a former 
pupil of Dr. Klein. Under date April 20, 1883, I find in my note 
hook, “ Solution and sediment examined. Masses of highly refractive 
corpuscles, circular, sometimes single, sometimes two in contact, 
often in a mass of zooglcea. These bodies not altered by HC1, not 
stained by iodine, stained feebly by alkaline methyl-blue.” 

In 1884, nitrification was started in several pretty strong solutions 
of ammonium carbonate (Trans., 1884, 45, 658), no solid calcium 
carbonate being present. These alkaline solutions remained quite 
transparent during nitrification. A good while after the conclusion 
of the experiment, clear, gelatinous flocks were observed at the bottom 
of the solution. Circumstances here seemed peculiarly favourable 
to the occurrence of the nitrifying organism in tolerable purity. 
The gelatinous matter was stained and examined by Mr. Makins; it 
consisted of a mass of small, generally oblong corpuscles, very rough 
looking and ill-defined. NTo other forms were seen. 

In 1886 I went for a short time io study under Dr. Klein, at the 
Brown Institution. The culture containing the gelatinous matter 
just named was taken with me. The substance was spread on gelatin ; 
a small bacillus was obtained, which I have called 2?. tardecresww 
(Trans., 1888, 53, 731). This bacillus was introduced into suitable 
ammoniacal solutions, and found to possess no nitrifying power. 

In the light of recent work, it is easy to see that the gelatinous 
matter I examined was in fact the nitrifying organism. Winogradsky, 
in his first memoir on nitrification (Ann. de VImtitut Pasteur, 1890, 
213), has described the formation of these gelatinous clots, and from 
them he finally obtained the organism in a pure condition. The ill 
success which attended my attempts at isolation was due to the now 
well recognised fact that the nitrifying organism will not grow on 
gelatin. 

The next stage of my investigation has been already described to 
the Society (Trans., 1888, 53, 727) ; it consisted in the examination of 



498 


WARINGTON ON NITRIFICATION# 


a number of organisms, including several reputed to possess nitrifying 
powers, with the view of ascertaining whether they were capable of 
nitrifying ammonia. The investigation was from this point of view 
entirely unsuccessful. Dr. P. F. Frankland, and several other investi¬ 
gators, have met with the same result. 

3, Recent Rothamsted Worh 

In March, 1889,1 commenced a systematic attempt to isolate the 
nitrifying org mism ; I was wholly unaware that Dr. P. F. Frankland 
was occupied with the same subject. The point first aimed at was 
to prepare a serieb of cultures of the nitrifying organism under 
conditions unfavourable to the development of ordinary bacteria, and 
thus either to effect their final exclusion, or at least so to reduce 
their proportion that the final separation of the nitrifying organism 
should be made much easier. The condition I chiefly relied on for 
effecting this separation of organisms was the exclusion of organic 
matter from the solutions. Munro had shown the possibility of con¬ 
ducting nitrification in solutions to which no organic matter had 
been added; experiments of my own, to be described further on 
(p, 510), had confirmed this fact. It will be convenient if I mention 
at starting the nature of the media employed. 

Media Employed .—As microscopic examinations of the solutions 
would be necessary, I determined to discard my old culture fluid 
containing ammonium chloride and solid calcium carbonate, and to 
substitute a solution of ammonium carbonate; a clear solution with¬ 
out sediment was thus obtained. The composition of the solution 


was as follows:— 

Water . lOOO’OO 

Ammonium carbonate. 0 25 

Ammonium chloride.. 0 50 

Potassium phosphate . 0*04 

Magnesium sulphate,.. 0 02 

Calcium sulphate.. 0 02 


The ammonium chloride was merely added to prevent the precipi¬ 
tation of magnesium and calcium phosphate. The solution was 
placed in wide-mouthed stoppered bottles; these were adopted to 
prevent loss of the ammonium carbonate. The bottles were half 
filled. After sterilising and seeding, they were covered with paper 
caps, and placed in an incubator kept at about 22°. 

Besides other ordinary liquid media, a special one was prepared 
containing the soluble organic matter of soil. An arable soil was 
exhausted of nitrates by the application of cold water on a vacuum 
filter; the soil was then boiled with water and filtered; the cleat* 
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amber-coloured solution obtained then received ammonium chloride, 
phosphates, &c. 

A considerable variety of solid media was employed in the course 
of the investigation. The ordinary 10 per cent, gelatin, made with 
beef broth and peptone (G-elatin P) ; a 10 per cent, urine solution, 
solidified with 6 per cent, of gelatin (Gelatin IJ) ; a solution of 1 gram 
of asparagine, 0*5 gram sodium acetate, 0*5 gram potassium 
phosphate, 0*2 gram magnesium sulphate, 0*2 gram calcium 
sulphate per litre, solidified with 6 per cent, gelatin (Gelatin 
As). The last two with 1 per cent, of agar-agar substituted 
for the gelatin (Agar TJ, Agar As). A solution of 0*4 gram ammo¬ 
nium carbonate, 0*2 gram potassium phosphate, 0*1 gram magnesium 
sulphate, 0*1 gram calcium sulphate, solidified with 6 per cent, gela¬ 
tin, or 1 per cent, agar-agar (Gelatin AC, Agar AC). All these 
media were made faintly alkaline. Later on the ordinary nitrifying 
solution, containing ammonium chloride and solid calcium carbonate, 
was solidified with 6 per cent, gelatin (Gelatin ACH). 

The object of employing these different media was to supply, if 
possible, the conditions most favourable to the growth of the nitrify- 
ing organism. 


While waiting for the main series of cultures to be sufficiently 
advanced for examination, some work was done with a culture in 
the ordinary ammonium chloride solution, seeded from a culture 
two years old. The culture examined was a third successive culture 
in solutions free from organic matter; the product of nitrification 
was nitrite. The sediment in this culture was examined by streak 
and plate cultivation on Gelatin U, Gelatin AS, and Agar TJ*. The 
result was the isolation of two bacilli, which I have called B. patulns, 
and B. oleosus . These, and all the other separated organisms obtained 
in this investigation, I hope to describe in a future paper. 

The trials of the nitrifying power of these two bacilli will bo men¬ 
tioned further on (p. 501). 


Second Series of Experiments. 

The first culture in this, the principal series of experiments, was 
started on March 28, 1889, with a little unmanured arable soil, 
normal nitrification occurred, nitrates being finally produced. 

Second cultures, seeded from the first, were started on May 
and on June 27. The solution used in this and subsequent culture 
was the ammonium carbonate solution already described. The pri 
vol. ux 2 N 
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duct of the nitrification in these cultures was only nitrite; the power 
of producing nitrates was thus already lost. 

A third culture was started on August 16. A fourth on Septem¬ 
ber 19. A fifth on October 3. A sixth on October 25. None of 
these cultures exhibited any turbidity. 

Several of these cultures were subjected to microscopical examina¬ 
tion. The lens used was a Leitz’ -fa immersion, giving a magnification 
of 800 diameters. In some cases, a few sterilised cover-glasses were 
placed at the bottom of the bottle in which nitrification took place. 
At the end of nitrification, the liquid was removed with a pipette, the 
bottle and cover-glasses were dried at 35°, and the cover-glasses 
taken ont and stained. This plan was proposed by Mr. G. H. Makins; 
it was suggested by the fact that the nitrifying organism always 
collects in large numbers on the bottom of the vessel in which it 
grows. It is interesting to note that the organisms in the bottle lost 
all nitrifying power by drying at 35°; when the bottle was refilled 
with a fresh ammoniacal solution no nitrification took place. 

The sunk cover-glasses were found covered with masses of cor¬ 
puscles, usually oval, aud having a length generally exceeding 1 n ; 
the other forms present were in very small proportion. Stained pre¬ 
parations made from the nitrified solutions showed comparatively few 
organisms. The forms met with in the whole of this series of 
examinations were: 1. The corpuscles already mentioned. The 
larger ones were frequently rough in outline, reminding one of the 
rough rounded masses of a siliceous sea sand; these did not stain 
deeply. There were usually a few smaller oval corpuscles, regular in 
form, and always longer than broad. 2. Some very small circular 
organisms, often appearing as mere points, staining much more 
darkly than the preceding. 3. A few slender bacilli staining faintly. 
4. Occasionally forms like c, c, s. I did not feel certain that these 
were a distinct organism, hut thought they might be mere broken 
shells of the large corpuscles. 

The third, fifth, and sixth cultures were examined as to the 
growths they would yield on gelatin and agar. Following Klein’s 
method, a loop of platinum wire was dipped into the nitrified solution 
and then rnbbed over a sloping surface of gelatin in a test tube; by 
-dihis method the organisms grew as distinct colonies, as in a plate 
cultivation. Plate cultivations were also made in the ordinary way. 
Is no actively liquefying organism was present, it was possible to 
ontinue the observation of these cultures for many weeks. All the 
Itures gave an abundant growth on gelatin. The two bacilli 
jarated during the first series of experiments were not found in 
?se purer cultures. A small bacillus, staining somewhat feebly, 
is practically the only organism obtained. I have called it 
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B. frugi. A liquefying coccus, and a torula were obtained in the 
course of plate cultivations; but as only* single colonies of each 
occurred, they were probably of atmospheric origin; nevertheless 
their power of causing nitrification was thoroughly tested. 

The results of the gelatin and agar cultures appeared remarkable; 
although the composition of these media had been specially arranged, 
so as to agree as far as possible with the conditions suitable for the 
growth of the nitrifying organism, no growths were obtained on 
gelatin or agar-agar corresponding to the oval corpuscles which 
formed by far the most abundant organism in the nitrified solutions. 
Since, however, several of the solutions yielded apparently no 
organisms on gelatin save the small bacillus, and yielded this 
abundantly, it seemed possible, as was suggested at the time by Dr. 
Klein, that we had to do with a polymorphic organism, and that the 
bacillus obtained was really the nitrifying agent. 

Each of the five organisms which had been separated from nitrified 
solutions, including the two which were more probably atmospheric 
contaminations, were sown into solutions suitable for nitrification— 
1. The usual ammonium chloride solution. 2. A similar solution 
containing soil-extract (p. 498). 3. An ammonium carbonato 

solution. 4. A 1 per cent, urine solution. These solutions were 
seeded both with the solid organisms obtained from the surface of 
gelatin, and with broth cultures of these organisms. In some ex¬ 
periments mixtures of several, sometimes of all five organisms were 
introduced, it being thought possible that nitrification was a complex 
reaction effected by the joint action of several agents. Besides the 
separated organisms, the growths on gelatin obtained immediately 
from the nitrified solutions were employed. In no single case in the 
whole series of trials did any nitrification take place. 

As growth on the sui*face of gelatin took place under conditions 
very different from those which occurred when the organism was 
submerged in an inorganic solution, it was thought possible that the 
power of nitrification might he lost by cultivation on gelatin, and 
could only be gradually regained. The gelatin cultures were, therefore, 
sown in broth; the broth cultures were used as seed for au ammonium 
carbonate solntion containing 20 per cent, of broth; these cultures 
employed to seed similar solutions containing 5 per cent, of broth ; 
these to seed solutions with I per cent, of broth; these to seed the 
usual inorganic solution of ammonium carbonate. In no case was 
nitrification obtained. 

Attempts were also made to obtain nitrification from the gelatin 
cultures by seeding them on to a moist, well aerated, solid medium, 
the object being to imitate the conditions occurring in a natural soil. 
Stoppered bottles were half filled with small pieces of marblo free 

2 v 2 
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from dust; the marble was moistened with an ammonium carbonate 
solution containing 1 per cent, of broth; the solution did not cover 
the broken marble. When sterilised, these bottles were seeded from 
the 5 per cent, broth cultures mentioned in the preceding paragraph. 
In no instance was nitrification obtained. 

In a few cases the gelatin cultures prepared from the nitrified 
solutions were grown out of contact with air, the solution being 
applied to the lower part of a sloping surface of gelatin, and then the 
upper portion of the gelatin carefully melted and allowed to run over 
the seeded surface. Growths were obtained, but they failed to yield 
nitrification. 

The fifth and sixth of the successive nitrifying cultures in inorganic 
solutions were sown on November 19, 1889, in weak broth, at a 
temperature of 20°. The broth became turbid in 6 days. When 18 
and 20 days old, stained preparations were made, both from the 
liquid, and from the white deposit at the bottom of the test tubes. 
Some of the stained preparations seemed to consist entirely of 
B. frugi , in others a longer bacillus was also present. None of the 
oval corpuscles were seen, but the deeply stained, minute dots men¬ 
tioned above were certainly present. 

The fifth and sixth cultures were also sown in a solution of 
ammonium carbonate containing 20 per cent, of broth. These 
solutions actively nitrified. From these, solutions containing 5 per 
cent, broth were seeded. From these, solutions containing 1 per 
cent, broth were seeded. From these, cultures in solutions of 
ammonium carbonate were prepared. The whole of these solutions 
nitrified readily; the solutions were always turbid. Stained pre¬ 
parations showed that the bacilli diminished as the proportion of 
broth decreased, while the deeply stained minute dots became more 
manifest. None of the oval corpuscles were seen* 

Trials with the Dilution Method. 

# 

While the gelatin cultures obtained from the nitrified solutions 
were being examined, an attempt was made to separate the nitri¬ 
fying organism from the others associated with it by means of the well- 
known dilution-method. One part of the third successive culture in 
the ammonium carbonate solution was mixed with 500 parts of boiled 
water, and one drop from a capillary tube was added as seed to each 
of five bottles containing the ammonium carbonate solution. This 
was done on September 28, 1889. After 41 days, solution 
No. 5 was found to have nitrified, the others showed no change. 
After 93 days, Nos. 2 and 3 were found nitrified. Two solutions did 
not nitrify; it therefore appeared as if the dilution used had been 
sufficient. 
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The three solutions which nitrified all gave growths on gelatin. 
Growths took place more speedily on Gelatin U and AS than on 
Gelatin P. The organisms obtained on gelatin were sown in ap¬ 
propriate liquid media, but no nitrification was obtained. 

On January 14, 1890, 10 tubes, containing an ammonium carbon¬ 
ate bolution with 5 per cent, broth, were each seeded with one drop 
of a dilution to 1/1000 of a cultivation in ammonium carbonate and 
20 per cent, broth, seeded from the sixth successive culture of the 
original ammonium carbonate series. Of these 10 solutions none 
nitrified. 

On March 13, Prof. P. F. Frankland and Mrs. Franklaud com¬ 
municated to the Royal Society a paper on “ The Nitrifying Pzocess 
and its Specific Ferment” (Phil. Trans., B, 1890,107). They had 
started, like myself, by preparing a successive series of cultures (24) 
in an inorganic ammoniaeal solution. From these cultures they had 
obtained growths on gelatin, none of which possessed any nitrifying 
power. They had finally, after many trials, succeeded, by using a 
dilution of one in a million, in obtaining a nitrified culture which 
gave no growth on gelatin, and which they believed contained the 
nitrifying organism in a pure state. In a note published in the 
Chemical News of March 21, I briefly stated my own attempts to 
isolate the nitrifying organism up to that date. 

On April 16, 1890, I made a iresb attempt with the dilution 
method. A subculture from solution No. 2 of the first dilution series 
was diluted to 1/1,000, 1/10,000, 1/100,000, and 1/1,000,000; each of 
these dilutions was seeded into five stoppered bottles, containing 
an ammonium carbonate solution. The bottles were placed in an 
incubator, and maintained at about 22°. The solutionb were tested up 
to 190 days, but not ono of them nitrified. 

On considering the possible cause of failure in the last two at¬ 
tempts I had made with the dilution-method, it occurred to me that 
it might be due to the alkalinity of the ammonium carbonate solu¬ 
tion employed. It was quite true that this solution was easily 
nitrified when seeded in the ordinary way, but as alkalinity, when 
beyond a trifling amount, is a condition which hinders nitri¬ 
fication (“Nitrification, Part III,” Trans., 1884, 45, 653), it seemed 
possible that it might prevent it altogether when the nitrifying 
agent was reduced to a very few organisms. In former experiments 
on the distribution of the nitrifying organism in the subsoil 
(Trans., 1887, 51,118), I had found that the addition of gypsum to 
the diluted urine employed enabled me to detect the presence of tho 
nitrifying organism by its action on the solution at far greater 
depths than when the urine solution contained no gypsum, and there¬ 
fore became alkaline before nitrification. This fact had not been 
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forgotten in preparing tlie solutions for the last series of trials by 
the dilution-method; the strength of the ammonium carbonate 
solution had been reduced to one-half for the two stronger dilations, 
and to one-quarter for the two weaker. I now resolved to abandon 
the ammonium carbonate, and to return to my old ammonium 
chloride solution, containing solid calcium carbonate. The solution 
employed by Frankland was of a similar nature. My solution con¬ 
tained in one litre:— 

Ammonium chloride .. 0*20 gram. 

Potassium phosphate.. 0*06 „ 

Magnesium sulphate. 0*03 „ 

Calcium sulphate. 0*03 „ 

This solution was placed in 20 stoppered bottles, which were half 
filled. The bottles were divided into four series, A, JB, C, JD, each of 
five bottles, which were respectively seeded with one drop from a 
capillary tube of dilutions to 1/1,000, 1/10,000, 1/100,000, and 
L/1,000,000 of a second subculture of No. 3 in the first dilution series. 
The experiment commenced on June 3, 1890. 

Tested after 35 days, no nitrification had occurred. After 66 days, 
nitrification was in active pi ogress in Al, A4, AS, and had just com¬ 
menced in Bl, B2, BS, After 91 days, nitrification had commenced 
in B3. After 115 days, nitrification was found in progress in 03, 
G5, and D4. Nitrification thus occurred iu 10 solutions. No other 
solutions nitrified. 

Each of the nitrified solutions was spread on gelatin, both Gela¬ 
tin P and Gelatin U being employed. It was found, as before, that 
growth took place far more easily on Gelatin U than on Gelatin P; 
indeed several solutions gave no growth on the 10 per cent, gelatin- 
peptone, which yet after eight or nine days produced a considerable 
growth on the 6 per cent, gelatin-urine. On ascertaining this fact, 
the whole of the remaining testings were conducted with Gelatin U. 

Ont of the 10 nitrified solutions there were three, B3, C3, and D4, 
which gave no growth on Gelatin U, either when spread upon the 
surface, or when introduced into the substance of the jelly. Thus, 
early in October, 1890,1 became possessed of three solutions which 
probably contained the nitrifying organism in a pure condition. I 
had no time to ascertain by a further extension of the dilution- 
method whether these cultures contained more than one organism; I 
at once proceeded to experiment with them. 

After the publication of Frankland’s paper, and before my own 
successful result, M. S. Winogradsky commenced the publication of 
his “Recherches sur les organismes de la nitrification ’* (Ann. de 
Vlnstitut Pasteur, 1890, 213). In his first memoir, he describes the 
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method employed for isolating the nitrifying organism. After a series 
of cultures in an inorganic ammoniacal solution,by which the organisms 
growing upon gelatin were reduced to a single species, he collected the 
gelatinous clots which appeared at the bottom of the culture vessel, 
washed them, and spread them upon gelatin. After 10 days, he ob¬ 
served where no growth had taken place, and from these places pro¬ 
ceeded to seed fresh ammoniacal solutions. He succeeded in this way 
in obtaining actively nitrifying cultures which gave no growth on 
gelatin. In a fourth memoir, recently published, he describes a 
better plan of isolation by growth on the surface of gelatinous silica. 
A solution of dialysed silica is concentrated till the addition of a 
saline solution determines its gelatinisation. The solution of silica is 
then poured into dishes, and rapidly mixed with one or two volumes 
of a solution containing ammonium sulphato, potassium phosphate, 
magnesium sulphate, calcium chloride, and sodium carbonate (or mag¬ 
nesium carbonate). The mixture becomes solid in 15 minutes. On 
this medium apparently all the organisms which flourish in inorganic 
solutions can he grown, hut no others. The nitrifying organism gives, 
according to Winogradsky, very characteristic colonies upon silica. 


Properties op the “Nitrous Organism. 

The organism isolated by the dilution-method converts ammonia 
into nitrons acid only; it is, in fact, the agent with which wo have 
become familiar in the earlier part of this paper. Frankland had 
arrived at the same result. It was, indeed, to be expected, as only 
nitrites were produced in the cultures from which it was separated. 

With the pure organism, a number of solutions of potassium 
nitrite, containing phosphates, &c., were seeded. Some of these solu¬ 
tions were supplied with monosodium carbonate and carbonic acid, 
others with calcium acetate, the ^bject being to supply the conditions 
most favourable for tko oxidation of the nitrite (see pp. 512, 519). 
Jn no case was any diminution of the nitrito perceived. 

Some experiments were also made to test the reducing power of 
the organism. Muntz apparently thought it possible, from facts 
which he observed, that the nitrifying organism when not in contact 
with air might act as a reducing agent. Two test-tubes, about two- 
thirds tilled with broth, containing calcium nitrate, were seeded with 
the nitrous organism on March 26, and kept at 22°. The solutions 
were tested on May 9, hut no nitrite was present. Stained prepara¬ 
tions proved that the nitrous organism was present, though nob 
abundantly. I may here mention that none of the bacilli growing 
with the nitrous organism in the inorganic ammoniacal cultures 
has any power of reducing nitrates to nitrites. 
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I am unable to verify Frankland’s statement as to the behaviour of 
the nitrons organism in broth. He says, u On inoculating from the 
pure nitrifying solutions into broth, the latter develops after a con¬ 
siderable time (about 20 days at the ordinary temperature), a very 
characteristic growth, the liquid becomes turbid, a very thin, whitish 
pellicle forms on the surface, and afterwards a considerable amount of 
glutinous deposit collects on the bottom, the whole liquid in fact 
becomes highly viscous, and adheres to a needle in long strings.” I 
have in 24 instances seeded test tubes of broth with the pure nitrous 
organism. The broth was made with 1 lb. of beef to a litre of water. 
It was employed both neutral, and of various degrees of alkalinity. 
The cultures were kept at 22°. In no case did the broth become 
turbid, nor did any visible growth appear. As already mentioned, 
the organism could be found in the broth, hut it apparently had not 
greatly multiplied. 

It has been already shown, by the experiments made dnring the 
isolation of the nitrous organism, that it refuses to grow on gelatin. 
When the ammoniacal solution, in which the organism freely grows, 
was solidified with 6 per cent, of gelatin, no growth was obtained 
by seeding this with the pure nitrous organism. 

It was of great interest to ascertain whether the nitrous organism 
was itself capable of attacking nitrogenous organic bodies, or whether 
it was necessary that other organisms should first reduce these to 
ammonia before nitrification could take place. On obtaining the 
organism in a pure state, experiments were at once started in solu¬ 
tions containing urea, urine, asparagine, and milk. The urine was a 
1 per cent, solution. The milk contained 5 c.c. of sweet skim-milk 
per litre. The urea solution contained—urea, 0*50 gram; potassium 
phosphate, 0*10 gram; magnesium sulphate, 0*10 gram per litre. 
The asparagine solution contained-*-asparagine, 0*2 gram; potassium 
phosphate, 0*10 gram; magnesiunjsulphate, 0*10 gram per litre. 
All the solutions received precipitated calcium carbonate before 
sterilisation. Two experiments, each seeded from a different culture 
of the nitrous organism, were made with each solution at the tempe¬ 
rature of 22°. Afterwards a more extensive series of experiments 
was started with similar solutions at the same temperature, six bottles 
of each solution being taken, each six containing three pairs, each 
pair seeded from the same source, but one bottle receiving calcium 
acetate, 0*50 gram per litre. The results of the two series may he 
summarised together. 

Out of the 8 asparagine solutions, 7 showed a very distinct nitrifi¬ 
cation. One of the nitrified solutions, which had remained quite dear, 
was spread on gelatin; no growth was obtained. The calcium 
acetate appeared neither to facilitate nor retard the nitrification. 
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Of the 8 milk solutions, 5 showed distinct nitrification. One of 
these was clearly an impure culture; it became very turbid, a thick 
film formed on the surface, and it gave an abundant growth on 
gelatin. Three of the nitrifying cultures, which had lemainod with¬ 
out any increase of the natural turbidity of the milk, gave no growth 
on gelatin. The calcium acetate was apparently without influence. 

Of the 8 nrine solutions, 6 showed decided nitrification. One of 
these was contaminated with mould, but gave no growth of bacteria 
on gelatin. Two of the clear nitrifying solutions were spread on 
gelatin, and gave no growth. The calcinm acetate exerted no 
beneficial influence. 

Of the 8 urea solutions, only 3 have nitrified; one of these was. 
tested on gelatin, and gave no growth. 

Th^se experiments should be regarded as preliminary only, as the 
course of nitrification has not been studied, or any quantitative 
experiments made. That the pure nitrous organism can attack nitro¬ 
genous organic bodies is, I think, fully proved. The nitrification 
observed has however been, especially in the case of asparagine and 
milk solutions, decidedly sluggish. The contaminated milk culture 
has nitrified to a much greater extent than the corresponding pure 
Isulture. It is quite possible, therefore, that other organisms may 
render considerable service in the process of nitrification, by making 
a preliminary attack upon organic matter. 

Form of the Nitrous Organism. 

The description of the nitrifying organism given by the French 
observers has been already noted (p. 496). 

Frankland’s description of the nitrous organism when grown in an 
ammonium ohloride solution is as follows:—“ The bacilli are about 0*8 /* 
in length, and hardly longer than broad, in fact their form is inter¬ 
mediate between that of a bacillus and micrococcus, so that the term 
bacillococcus may not inappropriately be used to designate them. 
They occur both isolated, in pairs, and in small irregular groups.” 
Grown in broth, it forms “small bacilli, about 1*5 fi in length, and 
about 0’5 fx> in breadth, sometimes, however, forming threads 5*7 n iu 
length in which the divisions are not generally apparent.” 

According to Winogradsky, the organism growing in an 
ammoniacal solution has generally the form of an elongated ellipsoid, 
but the youngest cells are nearly spherical. The breadth does not 
exceed 1*0 /*, the length is 1*1 — 1*8 fi. The longest are those about 
to divide, aud exhibit a dumb-bell form. More rarely the organism 
is spindle-shaped with blunt ends. A chain of 3—4 individuals is 
very rare. When in repose the organism is united by a jelly, and 
loses all characteristic form. The organism has a temporary 
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mobile stage of existence, during which the culture may become 
turbid. 

Before mentioning the forms which have come under my own 
notice, I will say a word as to the mode of staining. The simplest, 
and one of the most satisfactory methods, when merely eye observa¬ 
tions are desired, is to place a drop of the culture liquid on the glass 
slide, mix with it some filtered stain by means of a wire, place a 
cover-glass on the drop, and allow it to stand about half an hour; 
then press down the cover-glass, wipe off the liquid which exudes, and 
finally run Hollis’ glue round the cover-glass. By this means the 
organism is stained in its own culture fluid; we see it in its true form, 
without any possible distortion of its shape by drying. The field is 
bright and clear, though coloured, for there has been no pre¬ 
cipitation of matters during drying which are afterwards hard to 
remove. 

When the preparation is to be mounted in balsam, a drop of the 
culture is dried in the centre of a cover-glass, which is then placed 
for some minutes in dilute acetic acid to remove matter which would 
cause turbidity. The cover-glass is then washed, dried, and stained 
for some hours in methyl-violet. 

I have made no attempt to study the life-history of the nitrons 
organism, and the various forms which it assumes ; my observations 
can only be regarded as furnishing material towards a more accurate 
knowledge of the subject; fortunately the excellent photographs 
executed by Mr. Pringle and Dr. Bousfield, which are appended, will 
give a more faithful representation of the organism than could be 
furnished by my own description. 

The first form I liave to mention consists of nearly spherical cor¬ 
puscles, varying in size from mere points up to a diameter of 1*0 /«, 
which extreme limit is, however, rarely reached. This form is very 
striking, as it takes the stain deeply, and the extreme difference in 
size forms a remarkable picture. Occasionally the corpuscles of 
largest size are about to divide, and are seen as double organisms. 
This form is present in all cultures, and in some, as in milk and 
broth cultures 40 days old, was the only form observed. The minute 
point-like organisms certainly inquire explanation. They seem iar 
too small to be produced by division of the full-sized organism. 

The second form is the one generally described as the nitrifying 
organism. It is always longer than broad, and usually attains a 
length distinctly exceeding 1-0 fi. It appears frequently as a nearly 
regular oval. Sometimes it is egg-shaped, one end being larger than 
the other. Sometimes the ends are more or less truncated, and 
occasionally sharply so. Not unfrequently the form is much less 
regular. This phase of the organism takes the stain more feebly than 
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the circular form; the more irregular and broken (?) it becomeB, the 
more feebly is it stained. 

One would naturally conclude with Winogradsky that the darkly 
staining circular forms were tlie young organisms; but, as already 
mentioned, a difficulty arises from, the extreme minuteness of many 
of them. 

I have seen nothing similar to Frank! and’s thread-forming bacillus, 
which he fonnd in broth cultures. 

The first pair of photographs show the nitrous organism as it ap¬ 
peared in an ammonium carbonate solntion, and upon the cover glass 
sunk for 70 days in the same solution: this culture contained a few 
bacilli. Both photographs show the large elongated form of the 
organism, and on the sunk cover glass the maximum size is seen. 
The same large form of the organism occurs in ammonium sulphate 
solutions. 

The second pair of photographs show the organism as found in 
weak broth, and in a 7 per cent, milk solution. In both cases only 
the small circular form appeal’s. 

The magnification is m all cases 1000 diameters. 

The Nutrition op the Nitrous Organism. 

1 . Independence of Organic Food .—It has been hitherto held by 
vegetable physiologists that plants which are destitute of chlorophyll 
cells derive their carbon solely from organic matter, and are incapable 
of decomposing carbon dioxide. This doctrine apparently does not 
hold good in the case of the nitrifying organism, and possibly in that 
of somo other bacteria, 

It is curious that my first attempts at nitrification in solutions 
were made with 110 added organic matter, save the soil used as seed. 
Almost immediately, however, in obedience to the received opinion, I 
commenced the practice of including a neutral tartrate among the 
constituents of my solutions. Tho advantages attending the presence 
of this tartrate were not very apparent. In 1870,1 say/* A proportion 
of organic carbon to nitrogen equal to 3 : 10 by weight is sufficient 
for the purposes of nitrification, and probably a smaller proportion of 
carbon would suffice.” In the next report (Trans., 1884, 45 , 667), I 
compare the rate of nitrification in solutions containing 40 milli¬ 
grams, and 160 milligrams of sodium potassium tartrate per litre. 
“ The advantage as to speed of nitrification was in 7 instances with 
the larger proportion of tartrate, in 3 instances with the smaller, and 
in 5 instances the rate of nitrification was quite similar.” With 
glucose instead of tartrate, in the proportion of 20 , 50, 100 , and 
200 milligrams per litre, the advantage as to speed of nitrification 
was always with the smallest proportion of glucose. 
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In 1886 (Trans., 49, 651), Dr. Mnnro raised the question—la 
organic carbon essential to nitrification? He fully accepted the 
theory that organic matter is necessary for the nutrition of bacteria; 
he nevertheless records many experiments, made in the presence of 
mixed organisms, in which organic matter was plainly injurious to 
nitrification; and he some experiments in which nitrification took 
place without any organic matter having been added to the solutions. 
He concludes that, “ the merest traces of organic matter, such as may 
he furnished accidentally by occasional exposure to the dust of the 
air, are sufficient for complete nitrous fermentation of the quantities 
of ammonia used in these experiments.” 

After the publication of Dr. Munro’s results, I made a few experi¬ 
ments with the view of ascertaining whether the presence or absence 
of a tartrate had any influence on the progress of nitrification. The 
experiments were devised so as to test at the same time how far the 
so-called “ incubation period,” preceding nitrification, could be di¬ 
minished by carrying out to a fuller extent the plan I had previously 
described (Trans., 1884, 665), and with which Dr. Munro had been 
still more successful. 

Three similar bottles each received 0*1 gram of soil, 100 c.c. of an 
atnmoniacal solution, and some calcium carbonate. In bottle A, the 
solution merely contained 0*008 gram of ammonium chloride. In 
AM, there were, in addition, potassium phosphate, and magnesium 
sulphate. In AMT, the solution contained, in addition to the con¬ 
stituents in AM, sodium potassium tartrate, equal in weight to the 
ammonium chloride. The experiment commenced on July 8, 1886. 
As soon as any solution had nitrified it was decanted off, and 100 cc. 
of a similar solution put in its place. The following table shows the 
comparative rapidity with winch nitrification began, and the time 
occupied in oxidising the ammonia, in each solution:— 


Interval before Nitrification commenced. 


Solution. 

l&t culture. 

2nd culture. 

3rd culture. 

4th culture. 

Days 

betoie 

starting. 

Order 

ox 

starting. 

Days * 
before j 
starting. 

Order 

of 

starting. 

Days 

before 

starting. 

Order 

of 

starting. 

Days 

before 

starting. 

Ordei 

ot 

starting 

A. 

22 

3 

about one 

2 

not one 

3 

not one 

3 

AM. 

13 

2 


1 

)! 

1 


1 

AMT.... 

9 

1 i 

1 „ i 

2 

it 

2 

a 

2 


Duration of Nitrification (days). 


A. 

22 

22 1 

23 

50 

AM. 

24 

10 ! 

9 

19 

AMT.... 

22 

19 

11 

28 
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The upper half of the table shows that when fresh ammoniacal 
solutions were placed in bottles in which nitrification had already 
occurred, the interval that elapsed before nitrification commenced 
suddenly diminished from many days to one, or less, a result perfectly 
accordant with that obtained by Dr. Munro. After the first culture, 
the solution AM, containing phosphates, &c., but no tartrate, was 
always the first to commence nitrification, but the difference between 
the three solutions is very trifling, amounting to only a few hours. 

Again, after the first culture, the period of nitrification is always 
shortest in solution AM, and longest in A where ammonium chloride 
alone was present. The tartrate has here a distinctly retarding effect 
on nitrification. It should, however, be mentioned, that a larger pro¬ 
portion of nitrous acid, and less nitric, was found at the close of 
nitrification in AM than in AMT, so that the oxidation effected in 
the two solutions was more nearly alike than the figures would 
indicate. The great lengthening of the periods in the 4th culture is 
due to the commencement of winter temperature. 

A shorter series of experiments was also conducted with similar 
solutions in which no soil was present, but the solutions were all 
seeded with 3 drops of a nitrified culture. The results again showed, 
though not in a marked manner, that nitrification commenced first 
where no tartrate was present. The most striking result was, how¬ 
ever, obtained with the solution which contained the ammonium salt 
alone; here nitrification in each case began, but never proceeded to 
more than a small extent. The reason was doubtless the absence of 
phosphates, which I have already shown are essential for nitrification 
(Trans., 1884, 45, 641). 

In consequence of these results, I gave up the employment of 
tartrates as a constituent of ammoniacal eolations to be nitrified, and, 
as already mentioned, carried out a series of cultures in an inorganic 
solution when preparing for the isolation of the nitrifying organism. 
Professor P. F. Prankland has also employed an inorganic solution 
for the same purpose. His series of successive cultures is far longer 
than my own, and extends over more than two years; as, however, 
he employed cotton-wool stoppers, it is possible that organic matter 
might thus be introduced; my own experiments were made in 
stoppered bottles. 

It is quite clear that the facts as yet stated do not amount to any 
proof that the growth and development of the nitrifying organism is 
independent of the presence of organic matter; no evidence had, in 
fact, been given that our solutions did not contain traces of organic 
matter, though none was intentionally added. To Winogradsky 
belongs the credit of establishing, in an unmistakable manner, the 
independence of the nitrifying organism of aid from organic matter. 
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Winogradsky ascertained, in the first place, that nitrification pi o- 
ceeded equally well when organic matter was rigorously excluded; 
he next determined, hy a process of wet combustion, the amount 
of organic carbon produced from inorganic materials during nitri¬ 
fication; this portion of his work will be found in his second and 
third memoirs. He found the quantity of carbon assimilated during 
an energetic nitrification to be quite considerable. It appeared to 
bear a fairly constant relation to the amount of nitrogen oxidised, 
although the latter varied much in the experiments he quotes. For 
1 of carbon assimilated, 35 4 of nitrogen as ammonia were, on an 
average, oxidised to nitrous acid. Winogradsky suggests that the 
first step in the formation of organic matter may be the construc¬ 
tion of an amide from ammonium carbonate, and he reminds us that 
even the animal body is capable of effecting such a change, urea being 
in this case produced. 

The doctrine that a vegetable cell destitute of chlorophyll, and 
growing in the dark, should be capable of constructing organic matter 
from an inorganic carbonate, presents quite as many difficulties to the 
chemist as to the physiologist, as the action in question is one 
requiring a considerable absorption of energy. The action becomes, 
however, perfectly possible, if we may take into account the enei gy 
liberated at the same time by the oxidation of ammonia. If the 
nutrition of the organism, and its oxidising effect on ammonium 
carbonate take place simultaneously, the formation of organic matter 
from carbonic acid will not be opposed to the teachings of thermo¬ 
chemistry ;* as with an oxidation of 35 parts of nitrogen for an as¬ 
similation of 1 part of carbon, there is an abundant margin for an 
excess of heat development. 

The energy produced by the oxidation of ammonia is not, of course, 
available as an explanation of the nutrition of tne non-nitrifying 
organisms which accompany the nitrifying organisms in inorganic cul¬ 
tures. We must recollect, however, that under these circumstances 
the non-nitrifying organisms form, numerically, only a small minority 
of the total organisms present, and that we have little evidence of 
their capacity for growing alone in the absence of organic matter. 

2. Influence of Carbonates and Acetates on Nitrification .—After the 
publication of Winogradsky’s results respecting the assimilation of 
carbon from carbonates, I made a few experiments to ascertain 
whether the presence of soluble acid carbonates exerted any favour¬ 
able influence on nitrification. In a previous paper (Trans., 1884, 
45, 653), I have shown that disodinm carbonate, except when added 

* For a fuller discussion of the subject, I may refer to a paper hy S. IT. Pickering, 
FJELS., published in Nature, 1890,48,165. 
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in small proportion, "hinders nitrification; while monosodium carb¬ 
onate may be added in mncli larger quantity without harmful result. 

Five wide-mouthed stoppered bottles were half filled with a solution 
containing 0*30 gram ammonium sulphate, 0*10 gram potassium phos¬ 
phate, 0*07 gram magnesium sulphate, and a little calcium chloride 
per litre; some precipitated calcium carbonate was added to each bottle. 
After sterilising, bottle 2 had 24 bubbles of carbon dioxide passed 
through the solution. Bottle 3 received monosodium carbonate &t 
the rate of 1 gram per litre. Bottle 4, disodium caibonate equivalent 
to the preceding Bottle 5, calcium acetate, 0 25 gram per litre. 
Bottle 1 had no addition. All were seeded with the pure nitrous 
organism from C3 on November 28, 1890. The bottles were kept 
at 22°. 

Examined after 33 days, it was found that nitrification was com¬ 
pleted in solutions 3 and 5, and was nearly completed in 2. Nitrifi¬ 
cation had commenced in 1, but was far from being completed. No 
nitrification whatever had occurred in 4. Examined again after 68 
days, nitrification was completed in 1, but had not commenced in 4. 

Thus with the pure nitrifying organism we find the same hind¬ 
rance to nitrification from disodium carbonate which had been pre¬ 
viously observed in impure cultures. The point, however, of chief 
interest is the advantage derived from passing carbonic acid, from 
the addition of monosodium carbonate, and from the use of calcium 
acetate. 

In comparative experiments in which bacteria are the active agents, 
no definite conclusion should be drawn from one series of experi¬ 
ments, as it is impossible to introduce the same number of bacteria in 
each experiment, and the rapidity of the action depends much on the 
number of organisms present. The trial was therefore repeated. 

Five bottles received an ammoniacal solution as before. After 
sterilising, about 10 c.c. of carbon dioxide were passed into bottle 1. 
Bottles 2, 3, and 4 received monosodium carbonate at the rate of 4, 6, 
and 8 grams per litre. Bottle 5 received calcium acetate at the rate 
of 0*5 gram per litre. In order to obtain accumulative eJfccts, 
solution 1 was seeded from solution 2 of the previous series; solu¬ 
tions 2, 3, and 4 from solution 3; solution 5 from solution 5. 

After 28 days, it was found that nitrification was completed in 
solution 5 ; it had made considerable progress in 2, less progress in 
1, and had not commenced in 3 and 4. In 58 days, nitrification was 
completed in 1 and 2; it had commenced in 3, but not in 4. 

The calcium acetate again appear as most favourable to nitrifica¬ 
tion ; indeed, the nitrification in solntion 5 is one of the most speedy 
I have noticed. The monosodium carbonate is also again superior to- 
the carbonic acid, and it appears that as much as 4 grams per litre 
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may "be introduced 'without injury; 6 grams per Hire was, however, 
plainly a great hindrance to nitrification, and with 8 grams no nitri¬ 
fication took place. 

The "beneficial effect which followed the addition of carbonic acid, 
or monosodium carbonate, may of course be regarded as possibly due 
to the increase of available base in the solutions; to the greater de¬ 
velopment, in fact, of a condition known to be essential to nitrifica¬ 
tion. I do not believe, however, that this is the true explanation of 
the facts, for the disodium carbonate, even in small quantity, was a 
hindrance and not a help; and in a similar series of experiments, to 
be presently mentioned, in which nitrites were converted into nitrates, 
the same beneficial action of monosodium carbonate was observed, 
although here a salifiable base took no part in the reaction. I am 
disposed, therefore, to regard the presence of an excess of carbonic 
acid in a nitrifying solution as exercising a beneficial influence by 
aiding the nutrition of the organism; it acts, of coarse, in combina¬ 
tion with ammonia. 

On the influence of calcium acetate a third experiment was made, 
using 0*25 gram per litre, and again the effect was distinctly to 
hasten nitrification. The calcium salt was employed in these ex¬ 
periments, because it permitted the destruction of the acetic acid 
without increasing the alkalinity of the solution. 

The action of the acetate is certainly interesting. In the presence 
of the mixed organisms of soil, an acetate, according to Munro, hinders 
nitrification by favouring the development of organisms reducing 
nitrates; when the nitrifying organism alone has possession of the 
field, it certainly aids nitrification. There is no contradiction in the 
statement that the nitrifying organism can assimilate carbon both 
from inorganic and organic sources ; the same is true of green plants, 
which, while they decompose carbon dioxide, can also be fed with 
sugar. 


The Production or Curates. 

We have already seen that the nitrification which normally occurs 
in a mass of aerated soil results in the production of nitrates only; 
that a nitrification of the same kind may, under certain conditions, 
be conducted in an ammoniacal solution with either soil as the seed, 
or a solution recently nitrified with soil; but that if the attempt is 
made to make the action intensive by increasing the concentration of 
the solution, or raising the temperature, large quantities of nitrites 
are produced, which, after nitrification is completed, change often 
very suddenly into nitrates. We have seen, further, that by repeated 
cultivation in ammoniacal solutions the power of producing nitrates 
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may be entirely lost, and that this change may be rapidly brought 
about if the culture liquids are made permanently alkaline with di¬ 
sodium carbonate, and especially if the soil at starting was taken 
from a pasture. Finally, the nitrifying organism which has been 
isolated after a series of cultures in ammoniacal solutions is only 
capable of oxidising ammonia to nitrite, and it is quite incapable of 
converting nitrites into nitrates. 

It is clear from what has just been stated that the isolation of the 
nitrifying organism, as at present accomplished, does not solve the 
problem of nitrification; the production of nitrates has still to be 
accounted for. The question before us, in its simplest form, is clearly 
this:—Does soil contain two nitrifying organisms, one oxidising am¬ 
monia to nitrites, and the other oxidising nitrites to nitrates; or is 
there but one organism in soil, originally capable of oxidising 
ammonia to nitrates, but which has become enfeebled and lost a 
portion of its power during our processes of isolation ? 

It is well to recollect that the oxidation of ammonia to nitrite 
involves the consumption of three quarters of the oxygen necessary to 
form nitrates; the demand for oxygen thns falls chiefly on the pro¬ 
duction of nitrites, and but little on the formation of nitrates. Mr. 
Pickering has been good enough to calculate for me the quantity of 
heat set free in the two stages of the oxidation of ammonium carbon¬ 
ate ; he finds that there is at least four times as much heat liberated 
during the formation of nitrite, as there is when nitrite is converted 
into nitrate. If these two operations are effected under similar con¬ 
ditions, and by a similar agency, we must, therefore, conclude that the 
production of nitrate is a much more difficult operation than the 
production of nitrite. This is undoubtedly a very important fact to 
bear in mind. It agrees well with the idea that the nitrite-producing 
organism, which has been isolated, owes its present character to de¬ 
generation ; but it is no evidence against the supposition that there 
are two organisms. 


1. MarUer RotTuimsted Work. 

I have now to give some account of my own work regarding 
the production of nitrates. The results of the earlier part of this 
work were obscure in their hearings, and led to no definite conclusions, 
they were therefore never brought before the Society. The real 
meaning of these observations has been made clear by the light of 
subsequent results. I now record them as a necessary introduction 
to the later work. 

On September 27, 1879, experiments were started with the view of 
obtaining further information respecting the special properties pos- 
voi*. lix. 2 o 
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sessed by certain cultures of producing nitrites or nitrates. Niue 
pint bottles received each 400 c.c. of a solution containing 0*08 gram 
ammonium chloride, 0*15 gram sodium potassium tartrate, 0*02 gram 
potassium phosphate, and 0*005 gram magnesium sulphate per litre, 
-with calcium carbonate. The bottles were provided with cotton-wool 
stoppers. When sterilised, five bottles were seeded from cultures 
which bad yielded only nitrites; three from cultures in which nitrates 
had been finally produced; while one received 0*5 gram of fresh soil. 
The quantity of nitrous acid formed in these solutions was determined 
each week with permanganate. 

By the end of January all ammonia had disappeared in the eight 
solutions seeded from old cultures; in every case it appeared that 
nitrites only had been formed. In the solution seeded with soil, there 
was, on the other hand, a purely nitric oxidation. 

The bottles were not looked at again till the following July (1880). 
In four bottles the surface of the solution was covered with small 
snow-white, floating masses, which when magnified appeared as a dense 
mass of interlacing hairs. In these four solutions the whole of the 
nitrous acid had disappeared, and nitric acid now existed. In the 
remaining solutions, the nitrites remained unchanged. One of the 
solutions still containing nitrites only was seeded with a little of the 
white organism from one of the other bottles: by September the or¬ 
ganism had spread over the surface, and all nitrites had disappeared. 

In order to test this action further, seven bottles were partly filled 
with a solution containing 1 gram of potassium nitrite, 0*25 gram 
sodium potassium tartrate, 0*05 gram potassium phosphate, and 
0*01 gram magnesium sulphate per litre; some calcium carbonate 
was added. Two of these bottles were seeded on July 14, 1880, witli 
the white surface organism; two with pasture and arable soil respec¬ 
tively ; two with a nitrified solution which had produced only nitrites; 
one was unseeded. On August 26, no diminution in the nitrite had 
taken place in any case. On September 24 the nitrite had disap¬ 
peared in the two solutions seeded with the white organism, which 
had now grown over the whole surface. The nitrite had also dis¬ 
appeared in the solution seeded with arable soil. The remainder of 
the solutions were unaltered. On February 24, nitrites were no 
longer present in the solution seeded with pasture soil. None of the 
other solutions had altered when examined two years afterwards. 
There appeared thus to be presumptive evidence of a connection 
between the growth of the white surface organism and the conversion 
of nitrites into nitrates. 

The white surface organism was microscopically examined by Dr. 
M. T. Masters, and more fully by Professor E. R. Lankester; both of 
them pronounced it to be a bacillus. It occurs as a network of 
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branched filaments, which in older specimens are apparently charged 
with spores throughout their whole length. At the outer edge of the 
network, groups of cocci are generally present. 

The next experiments with the surface organism gave important 
results: the primary object in view was to ascertain whether the 
organism would nitrify ammonia. Pour experiments were made 
with the usual ammoniacal solution, containing 0*08 gram ammo¬ 
nium chloride, a tartrate, phosphate, &c.; and two experiments 
with a urine solution (4 c.c. per litre). In each group half the 
experiments were made at 30°, and half at the temperature of 
the air. One of the ammoniacal solutions was seeded with the 
surface organism from one of the original ammoniacal cultures 
of September 27, 1879; the other five solutions were seeded from 
the sub-cultures in potassium nitrite just described. As nitrifica¬ 
tion of ammonia had actively taken place in the cultures of Sep¬ 
tember, 1879, it was probable that in transferring the surface 
organism some of the nitrifying organism would be transferred with 
it. In the solution seeded from the ammoniacal culture, the nitrifi¬ 
cation of the ammonia was completed in two months, first nitrous 
and then nitric acid being formed. Out of the five ammoniacal solu¬ 
tions seeded from the nitrite cultures, one solution nitrified, the 
remaining four did not. In those four cases, powdered p umi ce, 
freshly ignited, was thrown into the bottles after the organism had 
spread over the surface, with the object of sinking a portion of it; 
this operation, however, did not effect nitrification. To each of the 
four bottles 0*10 gram of potassium nitrite was then added. In 
about one month’s time (less at 30°, longer in the cold) the whole of 
the nitrite had disappeared, while the amount of ammonia, as shown 
by the tint given by Nessler’s reagent, remained unchanged. We 
were thus apparently dealing with an agent which could not oxidise 
ammonia , but which was energetic in converting nitrites into nitrates . 
The one failure among the five solutions would probably he due to 
the fact that a single culture in a nitrite sohxtion was insufficient 
wholly to remove the organism which oxidises ammonia. 

At the Meeting of the British Association in September, 1881,1 
exhibited the white surface organism; and with a good deal of 
reserve mentioned the principal facts now stated. I then thought it 
possible that the surface organism was a phase iu the life history of 
the nitrifying organism. 

In the numerous nitrification cultures made siuce this date in per¬ 
fectly similar solutions, the appearance of this white surface growth 
has been rare, and has been confined to cases in which fresh soil had 
been used as seed. I have found apparently the same organism on 
the surface of rain-water stored in the laboratory. It is quite possi- 

2 o 2 
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He that the organism originally entered the solutions as an air 
contamination (though this was not the view taken of the matter at 
first), the original bottles being opened every week for the determi¬ 
nation of nitrous acid. The work at that time was also carried out 
in the general laboratory, and not in the private room afterwards 
used. It is quite certain that the occurrence of a surface growth is 
not essential for the conversion of nitrites into nitrates, as this has 
taken place in a multitude of cases without any such appearance. 

The white surface organism was taken to the Brown Institution 
in 1886, where I went to learn the modern methods for separating 
organisms. The result of a hasty cultivation on gelatin was the 
isolation of a bacillus which I have called B. sulphur eus (Trans., 
1888, 53, 730). This, however, was found to have no effect either 
on ammoniaca! or on nitrite solutions. 


2. Recent Rothamsted Work . 

The subject of the production of nitrates acquired a new import¬ 
ance when it appeared that the nitrifying organism isolated by 
Ifrankland produced nitrites only. It was clear that half of the 
question still remained to be solved. In May, 1890, I therefore 
returned to the subject, and proceeded to operate with those cultures 
of the white surface organism which were not dried up. 

By culture on potato four very distinct bacilli, and a penicillium 
were easily isolated. None of these organisms was, however, the 
actual white surface growth, but simply impurities associated with 
it. The white organism is of slow growth; the potato was rapidly 
overrun with the organisms just mentioned. All these organisms, 
and mixtures of them, were sown in ammoniacal and in nitrite 
solutions, but without result. 

At the same time that the potato cultures were started, some of 
the white surface organism was sown on a nitrite solution, containing 
as before a tartrate, phosphate, &c. The organism slowly grew over 
the surface, but no disappearance of the nitrite took place. As it was 
quite certain that an agent capable of converting nitrites into nitrates 
had been originally present in the earlier cultures, the three bottles 
still containing fluid were well shaken, and a large seeding (12 drops) 
from each was added on July 15 to sterilised solutions containing 
0*30 gram potassium nitrite, 0T5 gram sodium potassium tartrate, 
0*05 gram potassium phosphate, 0*025 gram magnesium sulphate, and 
1 c.c. of urine per litre, with some calcium carbonate. The bottles 
were kept at 22°. The white organism very slowly spread over the 
surface of all three cultures. In one of them the nitrites entirely 
disappeared, in the other two the nitrites remained, notwithstanding 
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the presence of the white organism. There were thus three instances 
of the development of the white organism in a nitrite solution without 
any oxidation of the nitrite following, and it became evident that the 
white organism was not the agent producing nitrates, but some other 
associated with it. 


Nutrition of the Nitric Organism. 

I had now (October, 1890) a solution capable of converting nitrites 
into nitrates. Before making any further attempt to isolate the active 
organism, some experiments were made to ascertain, if possible, what 
were the conditions most favourable to the production of nitrates. A 
series of eight stoppered bottles was prepared. All were half filled 
with a solution containing 0*3 gram potassium nitrite, 0*10 gram 
potassium phosphate, and 0*05 gram magnesium sulphate per litre, 
with some calcium carbonate.*—1 contained this solution alone; 15, 
the same plus monosodium carbonate, 1 gram per litre. 2, the nitrite 
solution plus ammonium sulphate, 0*033 gram per litre; 26, the same 
plus monosodium carbonate as above. 3, the nitrite solution plm 
sodium potassium tartrate, 0*20 gram per litre; 36, the same plus 
monosodium carbonate. 4, the nitrite solution with calcium acetate, 
0 25 gram per litre; 46, the same, plus monosodium carbonate. The 
monosodium carbonate and the ammonium sulphate were added after 
sterilisation. The monosodium carbonate was added with the object 
of supplying carbonaceous food; it was used in these experiments 
before its use in the nitrifying cultures already described (p. 512). 
The solutions were all seeded on October 11 from the solution already 
mentioned, in which nitrites had recently changed to nitrates. The 
bottles were kept at 22°. 

On November 22, the nitrite had entirely disappeared in 16, 26, 36, 
4, and 46; it had diminished in 1, and was apparently unchanged in 
2 and 3. At this dale there was no appearance of a white surface 
growth on solution 16, and very little appearance of it on the other 
solutions in which the nitrite had disappeared. Afterwards the surface 
growth developed on all the solutions. In the subcultures afterwards 
described no surface growth has as yet appeared. 

On December 31, the nitrite had disappeared in 1 and 3, bub 
remained unaltered in 2. On February 10, the nitrite in 2 was still 
unchanged. 

Those experiments threw new light on the subject. It was clear 

* The addition of calcium carbonate lias boen continued throughout these ex¬ 
periments, although no base is needed for the conversion of nitrite into nitrate. It 
served to supply lime, which could not be added as a soluble salt without impairing 
the clearness of the solution. 
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that the change from nitrite to nitrate could be readily effected in the 
absence of any added organic matter. The tartrate had apparently 
no beneficial influence, but the acetate apparently had. The presence 
of monosodium carbonate was clearly an advantage, the change taking 
place more speedily for its presence in three cases out of four. The 
ammonium salt had apparently a prejudicial action save where mono¬ 
sodium carbonate was present, in which case the ammonia was 
removed by nitrification.* 

To examine still further the influence of monosodium carbonate, 
calcium acetate, &c., a series of five bottles was started—1 contained 
the nitrite solution alone, with calcium carbonate. 2, the same, with 
carbonic acid passed into the solntion. 3, nitrite, phis monosodium 
carbonate, 1 gram per litre. 4, nitrite, plus monosodium carbonate, 
4 grams per litre. 5, nitrite, plus calcium acetate, 0*25 gram per 
litre. On November 29, all the solutions were seeded from 16 in the 
previous series. 

On January 1,1891, the nitrite was fonnd to have disappeared in 

2, 3, and 4; in 1 and 5 there was little if any change in its amount. 
On February 4, the nitrite had disappeared in 1, but not in 5. On 
April 1, the nitrite had disappeared in 5. 

We have here a favourable influence exerted by carbonic acid, and 
by monosodinm carbonate; of the latter, 4 grams per litre is not, 
apparently, an excessive proportion. The acetate in this series has 
apparently a retarding influence. 

A further series of five bottles was started on January 7, 1891.— 
1 contained the nitrite solution and calcium carbonate, plus carbonic 
acid; 2, the nitrite plus monosodium carbonate, 4 grams per litre; 

3, the same, with 6 grams per litre ; 4, the same, with 8 grams per 
litre; 5, the nitrite with calcium acetate, 0*25 gram per litre. 
Solutions 1 and 5 were seeded from 2; solutions 2,3, and 4 from 4 in 
the previous series. 

On February 4, the nitrite had distinctly diminished in 1, but not 
in the others. On March 6, the nitrite had entirely disappeared in 
1, 2, 3, and 5, hut was unchanged in 4. On April 7, the nitrite was 
still unchanged in 4. 

The carbonic acid is here again favourable to the production of 
nitrates. Of the monosodium carbonate, 6 grams per litre were 
successfully employed, though with a somewhat less speedy action 
than when 4 grams were used. 8 grams are, however, too much, and 

* The ammonium in 2b nitrified to nitrate; it did not in 2. The nitrite culture 
from which all these solutions were seeded was itself seeded from the old amxno- 
niaeal culture of 1881, which had nitrified (p. 517). The nitrons organism was 
thus probably present in small quantity. It soon disappeared in the subsequent 
cultivations in nitrite solutions. 
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no change has taken place with this addition. The acetate here gives 
a good result, hut inferior to that given by carbonic acid. 

One more series of four solutions with carbonate and acetate has to 
be recorded.—1 contained with the nitrite 2 grams of monosodium 
carbonate per litre. 2, an equivalent quantity of disodium carbonate. 

3, calcium acetate, 0*25 gram per litre. 4, the same, 0*5 gram per 
litre. The solutions were all seeded on February 27 from bottle 2 of 
the November 29 series. 

On March 10, the nitrites had disappeared in solution 1, but not in 
the others. On March 26, no change having occurred in 2, 3, and 

4, they were all reseeded from 1. On April 27, the nitrite had dis¬ 
appeared in 3. On May 13, the nitrite had begun to diminish in 
4, but remained unchanged in 2. 

We have here evidence, as in the experiments with the nitrous 
organism, that disodium carbonate acts very prejudicially on the 
reaction. The smaller quantity of acetate is again less favourable 
than the supercarbonate, and the larger quantity is apparently pre- 
judicial. 

The nutrition of the nitric organism thus apparently proceeds on 
the same lines as that of the nitrous; like it, it flourishes in inor¬ 
ganic solutions, and is considerably aided by the presence of super¬ 
carbonates. The nutrition of the nitric organism presents no real 
difficulty to the thermic chemist if only the proportion of nitrite 
oxidised bears a sufficiently high relation to the proportion of carbon 
assimilated from carbonates. Thus, according to Mr. Pickering’s 
calculation, cellulose might be formed with the evolution of heat if 
9 parts by weight of nitrogen as nitrite were oxidised for 1 part of 
carbon assimilated, a relation much narrower than that observed by 
Winogradsky in the case of the nitrous organism. 

Behaviour of the Nitric Organism with Ammonia . 

A solution containing 0*20 gram ammonium chloride, 0*10 gram 
ammonium sulphate, 0*10 gram potassium phosphate, 0*10 gram 
magnesium sulphate per litre, with calcium carbonate, was placed 
in three bottles. 1 received carbonic acid gas ; 2, monosodium carb¬ 
onate, 1 gram per litre; 3, calcium acetate, 0*25 gram per litre. 
All were seeded on January 7,1891, from bottle 4 of November 29> 
and kept at 22°. 

No nitrification had occurred in any case on April 3 (86 days). 
The solutions were then all reseeded from bottle 1 of the January 7 
series (p. 520). Examined again on May 30 (57 days after the second 
seeding), it was again found that no nitrification had occurred. 

A similar ammoniacal solution, containing 0*25 gram calcium 
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acetate per litre, and calcium carbonate, was used for the three fol¬ 
lowing experiments. The calcium acetate was added because it had 
been found so favourable to nitrification in other experiments. Ono 
bottle was seeded on March 11 from bottle 1, January 7. Two bottles 
were seeded on April 3, one from bottle Bl, the other from B4, in 
the dilution-method series to be presently mentioned. All were 
kept at 22°. Examined on May 30, at 80 and 57 days respectively 
after seeding, no nitrification was found to have taken place in any 
instance. 

These results are very remarkable; they entirely confirm the 
earlier results obtained in 1881 with cultures far more impure (p. 517). 
Nothing can more distinctly mark the wide difference between the 
nitrous and nitric organism than the fact that the first readily 
oxidises ammonia, and the second cannot. Further experiments were 
made to see whether the presence of ammonia was any hindrance to 
the action of the nitric organism upon nitrites; these trials were 
suggested by the apparently prejudicial influence of ammonia in 
experiment 2, October, 1890 (p. 519). The nitrite solution employed 
contained 2 grams of monosodium carbonate per litre. Two bottles 
contained the solution without addition; in two others, 0’2 gram of 
ammonium chloride per litre had been dissolved in the solution. 
One bottle in each series was seeded on April 2 from Bl, and the 
remaining pair from B4 (see p. 523). On April 27 (25 days), the 
nitrite had all disappeared in the two solutions without ammonia, 
but remained practically unchanged in quantity where ammonia had 
been added. The solutions were re-examined on May 30; the 
nitrites still remained undiminished where ammonia was present; the 
ammonia also was apparently undiminished. 

The fact that the presence of ammonium carbonate hinders tho 
development of the nitric organism has already appeared in other 
experiments. We have indeed become familiar with the fact that 
cultivations in a solution of ammonium carbonate constitute the most 
effective method for the elimination of the nitric organism. 

Attempts to Isolate the Nitric Oryanisrti. 

The earlier examinations of the organisms separated on gelatin and 
on potato have been already mentioned (p. 518). 

On January 2, solutions 2, 3, and 4 of the November 29 series were 
spread on gelatin; all gave abundant growths. The growth from 
solution 2 was non-liquefying and apparently pure, all the colonies 
being alike. The growths from the other cultures liquefied. A plate 
culture was then made from solution 2; again there seemed to be but 
one organism present, a small, stout bacillus. Four nitrite solutions, 
containing 1*0 gram monosodium carbonate per litre, were seeded 
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on January 23 from various colonies. No diminution of the nitrite 
has been perceived in tlie&e solutions. 

On January 12, an attempt was made to isolate the nitric organism 
by the dilution-method. Fifteen stoppered bottles were half filled 
with a solution containing potassium nitrite, 0*50 gram; potassium 
phosphate, 0*10 gram ; magnesium sulphate, 0*10 gram; monosodium 
carbonate, 1*0 gram per litre, with calcium carbonate. Bach bottle 
had carbonic acid passed into the solution before sterilising. The 
culture used as seed was solution 2, [November 29. Bottles A1—3 
were seeded with a 1/1000 dilution; B1—4, with a 1/10,000 dilu¬ 
tion; Cl—4, with a 1/100,000 dilution; Dl—4, with a 1/1,000,000 
dilution. The bottles were kept at 22°. 

On March 9 (56 days), the nitrite was found to have disappeared 
in A2, A3, and Bl. On March 23, it had disappeared in Al, B2, 
B3, B4, The remaining solutions have since been frequently 
examined, but no further change has occurred. Thus, all the solu¬ 
tions seeded with the 1/1000 and 1/10,000 dilutions have given 
evidence of the presence of the nitric organism, but no others. This 
result was not hopeful. It was soon found that all the active solu¬ 
tions gave growths on gelatin. A2 and A3 contained clearly two 
organisms. Bl gave an apparently pure culture, slowly liquefying. 
In the liquefied gelatin, the organism formed a pale yellow deposit. 
When stained, it appeared to be the small, stout bacillus previously 
obtained from the solution employed as seed. B2 and B3 gave 
growths which slowly liquefied; the growth from B4 showed no 
liquefaction. As Bl and B4 had apparently the best claim to be 
considered pure, subcultures were prepared from single colonics of 
the growths on gelatin, and from these subcultures nitrite solutions 
were seeded on April 13. No diminution in the nitrite in these solu¬ 
tions has been observed. 

The attempts to isolate the organism thus failed. In is presumably, 
from the evidence before us, one that will not grow on gelatin. 

Microscopic examinations were made of several cultures of the nitric 
organism. In the purer cultures the associated bacilli growing on 
gelatin were few in number, and it was not difficult to obtain fields in 
which they were absent. Such a field, from the culture B4, has been 
photographed, and will be found at the end of this paper. The 
organism is seen to consist of circular corpuscles of very different 
size, quite similar to what has been already described as one of the 
forms of the nitrous organism. 

The Theory op Nitrification. 

The time at my disposal has not allowed any complete study of the 
oiigin or propci ties of the nitric organism; only a few of its salient pro- 
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parties have been pointed out. It may be said that I have not even 
satisfactorily proved that the organism I have experimented with was 
derived from soil, thongh of this there can be little donbt. With the ex¬ 
perience now gained, it may be pretty safely predicted that if a scries 
of cultures be made in an inorganic nitrite solution, such as I have 
employed, starting with soil as the seed for the first culture, a point 
will soon be reached at which only the property of converting nitrites 
into nitrates will be retained, while the power of oxidising ammonia 
will be lost. Such a process would run parallel with that already 
established for the separation of the nitrous organism; here a series 
of successive cultures in solutions of ammonium carbonate determines 
a loss of all power to oxidise nitrites, while the power of oxidising 
ammonia to nitrites remains. 

Does soil contain both a nitrons and a nitric organism: or does 
the original organism embrace both properties, and lose a part of 
its power when cultivated in unsuitable media ? The cultivations on 
gelatinous silica, which Winogradsky has initiated, will supply the 
most decisive answer to this question, for this method will allow 
of the separation of the organisms directly from the soil, and the 
testing of their powers without their previous cultivation for many 
months in a liquid medium. The evidence at present, however, seems 
to point very clearly to the existence of two organisms of very 
different properties, but belonging to the same class. 

In support of this view, we may remark that there is no apparent 
reason why the power of oxidising nitrites should be lost during the 
process for obtaining the nitrous organism, as in every culture in 
ammonium carbonate nitrites are produced, and an opportunity 
given for the exercise of the function possessed by the nitric organism. 
The reason why successive cultivations in ammonium carbonate 
finally eliminate the nitric organism is apparently to be found in the 
hindrance to its development presented both by ammonia and by an 
alkaline condition of the solution,* unless the alkali is present as a 
supercarbonate of calcium or sodium. 

There is perhaps more reason for assuming that the power of 
oxidising ammonia may be lost during successive cultivations in 
liquids in which ammonia is absent; but the loss of this power occurs 
so speedily, that it is more natural to assume that the nitrous 
organism fails to grow when ammonia is absent. 

The facts observed during the nitrification of ammoniacaJ solutions 
by soil also point to the existence of two agents. A purely nitric 

# If the latter part of this explanation is true, the development of the nitnc 
organism in an ammonium chloride solution should be more injured by the addition 
of disodium carbonate than is the case with the nitrous organism. This has not yei 
been made the subject of experiment. 
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nitrification occurs, we have seen, only when the ammoniacal solution 
is weak. When the solution is stronger, much nitrons acid is at 
first produced; indeed, when a small quantity of soil has been added, 
it is quite frequent that nearly the whole of the ammonia should be 
converted into nitrite before the production of nitrate begins. 
Frequently, too, there is a long pause after the oxidation of ammonia 
to nitrite before the oxidation to nitrate commences. This pause is 
probably a true incubation period, the nitric organism not begin¬ 
ning to develop till the ammonia had greatly diminished or dis¬ 
appeared. 

We may here remark that in a soil the conditions are quite 
different from those occurring in one of these cultures. The nitric 
organism is there present at starting in large quantity, and is not 
required to develop under adverse circumstances. Moreover, the 
proportion of ammonia present at any time is extremely small, and 
the alkali is always a supercarbonate. 

The actual dislike of the nitric organism for ammonia, and the 
fact that it cannot oxidise it, are points of difference from the nitrous 
organism so great that it is difficult to believe that they are merely 
the result of successive cultivations in a solution containing nitrites 
in place of ammonia. 

The points of similarity between the nitrous and nitric agents are 
also numerous. Both belong to a class flourishing in inorganic 
solutions. Both are aided in their work, probably in their nutrition, 
by the presence of supercarbonates. The agreement in their attitude 
towards acetates is not so certain, the nitrous organism being appa¬ 
rently more benefited than the nitric. The development of both is 
greatly hindered or prevented by the presence of neutral alkali 
carbonates. Neither of them apparently will grow on gelatin. Lastly, 
the form of the two organisms is, apparently, similar. It is hazard¬ 
ous to make such an assertion before the nitric organism has been 
satisfactorily isolated; but as the cultures which convert nitrites into 
nitrates, and fail to oxidise ammonia, are full of small, round 
cocci, which appear perfectly to resemble those which occur in the 
pure cultures of the nitrous organism, it is at present difficult to 
escape from such a conclusion. 

A further study of the nitric organism should be of great 
interest. What is its action upon organic matter ? Is this, or the 
nitrous organism, the agent in the conversion of iodides into iodates, 
and bromides into bromates, which Muntz has shown to be accom¬ 
plished by soil? These and ocher questions belonging to this in¬ 
teresting subject I must now leave to others.* 

* Since writing this paper I have seen the communication made by Muntz to 
the French Academy on May 19, on the production of nitrates m soil. He now 
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I must not close this paper without expressing my great indebted¬ 
ness to Dr* E. Klein, E.R.S., for the cordial assistance and advice he 
lias at all times given me in the bacteriological work: without this 
advice I should many times have gone astray. 

Summary of Results. 

1. The nitrification occurring in a mass o£ aerated soil, or pro¬ 
duced by seeding with soil a cold, weak, ammoniacal solution, is 
purely nitric in character. If the ammoniacal solution is strong, 
or the temperature raised, a large quantity of nitrous acid is pro¬ 
duced, which is finally converted into nitric acid. Soil readily con¬ 
verts a solution of nitrite into nitrate. 

2. Pasture soil produces nitrites more readily than arable soil. 

3. A clay subsoil, down to 4 feet from the surface, was found to 
produce nitrates. 

4. In 1878 ammoniacal cultures were obtained (a third or 

regards the work of the nitrifying organism as confined to the oxidation of nitro¬ 
genous matter to nitrites, and believes that the conversion of nitrite into nitrate is 
not the work of an organism, but is brought about by the joint action of carbonic 
acid and oxygen. He states that in a weak solution of calcium nitrite the joint 
action of carbonic acid and air determines a conversion into calcium nitrate. 

Whether or not the conversion of nitrite into nitrate in soil can possibly take 
v place by a simple chemical reaction such as Muntz has described, it is quite evident 
that such a theory is incapable of accounting for the factB I have narrated in the 
present paper. 

1. We have seen that the production of nitrites only, or of nitrates, in an am- 
mbniacal solution, can be determined by the character of the culture with which 
the solution is seeded. 

2. We have abundant evidence that in a solution of potassium nitrite conversion 
into nitrate can be determined by the introduction of the “ nitric organism.** 

I have not enumerated in my paper the many blank experiments which formed 
part of the various trials; it has been stated, however, that in the attempt to 
isolate the nitric organism by the dilution-method, no change occurred in eight of 
the nitrite solutions, a sufficient proof that no spontaneous conversion of nitrite to 
nitrate took place. 

The action of carbonic acid upon my potassium nitrite solution was made the 
subject of experiment before this gas was employed in the trials I have describod. 
Before commencing the cultures of November 29, a current of carbonic acid was 
passed for about an hour through some of the nitrite solution about to be em¬ 
ployed ; to this solution a little of Trommsdorf *s reagent (zinc iodide and starch) 
had previously been added. No blue coloration appeared; and it was conse¬ 
quently concluded that no nitrous acid had been set free. 

I have not tried the action of carbonic acid upon calcium nitrite. This salt has 
been produced in all cases in which ammonia has been oxidised by the nitrous 
organism in the presence of calcium carbonate. Calcium nitrite solutions thus 
produced are quite permanent. I have in two cases added the nitric org anis m to 
such cultures, and succeeded in turning the nitrite into nitrate. 
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fourth from one seeded with soil), yielding only nitrites, which 
remained permanent. Subsequently other cultures were in the same 
condition. 

5. Such nitrous cultures produce nitrites alone in solutions of 
ammonia, asparagine, urine, and milk. Their action is not altered by 
-cultivation in shallow liquids with abundant aeration, or by a tempe¬ 
rature of 30°. 

6 . It is difficult to prove that no trace of nitric acid is produced by 
this nitrous agent, from the want of a sufficiently good analytical 
method. If a small quantity of nitrate is formed it must be as a 
bye-product, as the nitrous agent does not oxidise nitrites. 

7. It was at first thought that the age of the culture was tho 
factor which determined the loss of the power of producing nitrates, 
but this idea was negatived by subsequent experiments. Successive 
cultivations in an alkaline solution (as ammonium carbonate) were 
found to be a certain method of obtaining the purely nitrous agent. 

8 . The production of nitrites by the above-mentioned agent is not 
due to a process of reduction; it readily takes place in inorganic 
ammoniaeal solntions. 

9. After the nitrification of an ammoniaeal solution, if not too 
weak, gelatinons flocks freqnently appear at the bottom of the vessel. 
If precipitated calcium carbonate has been introduced, it assumes a 
curdled appearance, and when treated with acid the gelatinous matter 
is left. When highly magnified, the jelly is seen to consist of highly 
refractive, circular corpuscles. 

10. A large number of organisms, from many sources, obtained as 
pure cultures on gelatin, were introduced into ammoniaeal solutions, 
but no nitrification was in any case obtained. 

11. Successive cultivations, the first seeded with soil, were made in 
an inorganic ammonium carbonate solution, supplied with phosphates, 
Ac.; the product became wholly nitrous at tho second culture. 

12 . The organisms seen in these ammonium carbonate cultures 
were chiefly cocci, oval or round, the latter the smaller, and staining 
most deeply. 

13. When such ammoniaeal cultures were spread on gelatin, or on 
agar-agar, no such cocci appeared, although the composition of these 
media had been specially contrived to agree with that of well-known 
nitrifiable solutions. Prom several of the ammoniaeal cultures only 
a single species of bacillus was obtained by cultivation upon gelatin 
or agar-agar. 

^ None of the growths obtained on gelatin from nitrified solu¬ 
tions were found to produce nitrification when introduced into 
suitable liquid media, nor when placed on marble moistened with an 
ammoniaeal solution. 
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15. Broth, and "broth with solution of ammonium carbonate, wero 
seeded with the nitrified cultures, and examined microscopically. 
The bacilli present in the cultures used as seeds were greatly 
developed in the broth; besides these, only small, dark points were 
seen in the stained preparations. The mixture of broth and 
ammonium carbonate readily nitrified. 

16. Three series of trials to separate the nitrifying organism by 
the dilution-method failed; a fourth, in which an ammonium 
chloride solution with calcium carbonate was the culture liquid, 
succeeded. Out of 20 solutions, 10 nitrified, and of these 3 gave no 
growth on gelatin. 

17. The organism thus separated oxidises ammonia to nitrous acid 
only; it is, in fact, the nitrous agent studied in my earlier experi¬ 
ments. Solutions of a nitrite seeded with this organism do not yield 
nitrate. 

18. The nitrous organism grown in broth containing calcium 
nitrate did not reduce the nitrate to nitrite. 

19. The nitrous organism does not grow on gelatin, or on agar- 
agar. It grows slowly in weak broth, but without impairing its 
transparency, or producing any other visible change. 

20. The pure nitrous organism is capable of producing nitrous acid 
in solutions of asparagine, milk, urine, and urea; the last mentioned 
was apparently the most difficult to attack. The nitrification of the 
milk and asparagine made slow progress. All the cultivations of the 
pure organism were free from turbidity. 

21. The nitrous organism occurs as nearly circular corpuscles, 
varying from minute points up to nearly 1*0 fi in diameter, some¬ 
times double when division is approaching; these circular organisms 
stain deeply. It may also occur as oval cocci, the lengths frequently 
exceeding 1*0 fi-> and the ends not unfrequently more or less truncated. 
There may also occur very irregular and broken (?) forms which 
take stain but feebly. 

22. When the mixed organisms of soil are present in an ammoniaoal 
solution, nitrification is hindered by the presence of a tartrate. 

23. The nitrous organism will readily develop, and oxidise 
ammonia to nitrous acid, for apparently an unlimited number of suc¬ 
cessive generations in solutions to which no organic matter has been 
added, but phosphates are essential for this development. Wino¬ 
gradsky has supplied quantitative proof that the organism produces 
organic matter from inorganic materials, and finds on an average 
about 35 parts of nitrogen oxidised for 1 part of carbon assimilated 
from ammonium carbonate. The energy developed by the oxidation 
supplies apparently an explanation of this otherwise improbable 
reaction. 
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24. In pure cultures of the nitrons organism in ammoniacal solu¬ 
tions, the addition of carbonic acid, monosodium carbonate, or calcium 
acetate facilitates nitrification, the addition probably supplying carbon¬ 
aceous food. Disodium carbonate greatly hinders nitrification. 

25. Results obtained in 1880—81 revealed the existence of an 
organism which energetically converted nitrites into nitrates, but was 
apparently unable to oxidise ammonia. 

26. In 1886 and 1890, attempts were made to separate the active 
organism from the 1881 cultures by growth on gelatin and potato; 
none of the organisms thus separated had any power of oxidising 
ammonia or nitrites. 

27. Recent results show that the nitric organism develops in in¬ 
organic solutions, and energetically converts nitrites into nitrates, 
especially if supercarbonates are present. Monosodium carbonate, 
1—4 grams per litre, exerted a favourable influence, 6 grams a 
retarding influence. Disodium carbonate greatly hinders its action. 

28. The nitric organism produces neither nitrites nor nitrates in 
ammoniacal solutions, even when carbonic acid, or monosodium carb¬ 
onate, or calcium acetate is supplied. 

29. The presence of ammonia is apparently a hindrance to the 
action of the nitric organism on nitrites, even when monosodium 
carbonate is present. 

30. The dislike of the nitric organism for ammonia explains tho 
course of nitrification when comparatively strong solutions of ammo¬ 
nium salt (1 gram per litre) are seeded with a small quantity of soil; 
much nitrous acid is then produced, and the formation of nitric acid 
sets in only when the ammonia has greatly diminished in quantity. 

31. An attempt to isolate the nitric organism by the dilution- 
method failed, but apparently only one other organism, a stout bacillus, 
growing on gelatin, was present in some of the cultures. The stained 
preparations from these cultures contained an abundance of the 
minute circular organisms observed in pure cultures of the nitrous 
organism; the form of the two organisms is thus apparently similar. 

32. The nitrification effected by soil is thus explained as performed 
by two organisms, one of which oxidises ammonia to nitrites, while 
the other oxidises nitrites to nitrates. The first organism is easily 
separated from the second by successive cultivations in solution of 
ammonium carbonate. The second is (probably) separated as easily 
from the first by successive cultivations in solution of potassium 
nitrite containing monosodium carbonate. 

33. In soil, the nitric organism is equally active as the nitrous, 
since soil never contains any but extremely weak solutions of 
ammonia, and supercarbonates are always present. 
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XLVIII.— The Iodometric Estimation of Nitric Acid in Nitrates . 

By George McGowan, PHD. 

While working out tke following method, the author was under 
the impression that it was new ; but, after it had been communicated 
to the Chemical Society, under the title, “A New Method for the 
Estimation of Nitric Acid in Nitrates, 9 * he found that a paper by 
L. L. De Koninck and A. Nihoul had been published in the Zeitschrifb 
fiir angeioandte Ghemie , August 15,1890, giving details of a process 
depending upon the same principle. The priority of the idea, there¬ 
fore, belongs to Messrs. De Koninck and Nihoul. The details of the 
method and the apparatus employed are, however, very different in 
the two cases. 

When a fairly concentrated solution of a nitrate is warmed with 
an excess of pure, strong hydrochloric acid, the nitrate is completely 
decomposed, and the production of nitrosyl chloride and chlorine is 
quantitative , the reaction, as Tilden has shown (J. Qhem . Soc., 1874, 
27, 630; and Trans., 1885, 47, 86), being as follows:— 

HNOs + 3HC1 = NOC1 + Cl. + 2H 2 0. 

If the operation is conducted in an atmosphere of carbonic acid, 
and the escaping gases are passed through a solution of iodide of 
potassium, an amount of iodine is liberated exactly equivalent to the 
whole of the chlorine present (free and combined), nitric oxide 
escaping. 1 mol. of nitric acid thus yields 3 atoms of chlorine or 
iodine. The iodine can then be titrated in the usual manner with 
sodium thiosulphate. 

It is, of course, absolutely essential for this process that air should 
be completely excluded from the apparatus, as, if any wore present, 
the escaping nitric oxide would be re-oxidised to nitrogen trioxide or 
tetroxide, and this would in its turn liberate a further quantity of 
iodine from the iodide solution. 

The apparatus required is very simple, and can readily be made by 
any one moderately expert at glass-blowing. The main point to be 
attended to is to have no corks or rubber stoppers, <kc., for the 
escaping chlorine to act upon. Fig. 1 is a sketch of the apparatus; 
the condensing arrangement for the chlorine does its work perfectly, 
and may therefore be used with advantage, not only for this, but 
also for other similar methods in which iodine is set free. The 
measurements given are those of the apparatus as used by myself, 
which has proved of a very convenient size. 

A is a small, round-bottomed flask, into the neck of which a glass 
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stopper, «r, is accurately ground (with fine emery and oil). The 
capacity of the bulb is about 46 c.c, and the length of the neck, from 
r to y, 90 mm. The first condenser is a simple tube, slightly enlarged 


Fie. 1. 



at the foot into two small bulbs (compare Sutton’s Volumetric 
Analysis, 4th edition, p. 103). The length from a to & is 300 mm., 
from b to c 180 mm., and from e to / 30 mm. The capacity of the 
bulb B is 25 c.c., and the total capacity of the two bulbs and tube, 
up to the top of 0 , 41 c.c. This condenser is immersed, up to the 
level of c, in a beaker, full of water. D is a Geissler Jmlb apparatus 
(Dittmar’s modification was used), and B a chloride of calcium tube, 
filled with broken glass, which acts as a tower, g is a small funnel, 
attached by rnbber and clip to the branch T-tube h. Between the 
T-tube i and the wash-bottle for the carbonic acid is placed a short 
piece of glass tubing, $, containing a strip of filter paper, slightly 
moistened with iodide of starch solution. This tube s is leally hardly 
necessary, as no chlorine escapes backwards if a moderate current of 
carbonic acid is kept passing, but it serves as a check. A glance at the 
joints o,p, andgr, which are of narrow indiarubber tubing, is sufficient 
VOL. li\. 2 p 
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to sliow that, by using this arrangement, practically no rubber is 
exposed to the action of the chlorine.* It is the outlet tube. 

The actual operation is performed in the following manner*Tho 
evolution flask is washed and thoroughly dried, and the nitrate 
(say, about 0*25 gram of nitrate of potassium) is tapped into it from 
the weighing tube. 1 to 2 c.c. of water are now added, and the bulb 
is gently warmed, so as to bring the nitrate into solution, after which 
the stopper of the flask is firmly inserted into it. About 15 c.c,, or 
so, of a solution of potassic iodide (1 in 4) are run into the first con¬ 
densing tube, any iodide adhering to the upper portion of the tube 
being washed down with a little water, and 5 c.c. of the same solu 
tion, mixed with 8 to 10 c.c. of water, arc sucked into the Geisslcr 
bulbs, whilst the glass in tower E is also thoroughly moistened with 
the iodide. The Geissler bulbs should he so arranged that gas only 
bubbles through the last of them, the liquid in the others remaining 
quiescent. 

All the joints having been made tight (there is no difficulty what¬ 
ever in getting them so), the carbonic anhydride is turned on briskly, 
and passed through the apparatus until a small tubeful collected at 
Z, over caustic potash solution, shows that no appreciable amount of 
air is left in it. The small outlet tube Z is now replaced by a chloride 
of calcium tube, filled with broken glass which has been moistened 
with the above iodide solution, and closed by a cork through which 
an outlet tube passes, the object of this “ trap ” tube being to prevent 
any air getting back into the apparatus; and the brisk current of 
carbonic anhydride is continued for a minute or two longer, so as to 
practically expel all the air from this last tube. The stream of gas 
is now stopped for an instant, and about 15 c.c. of pure concentrated 
hydrochloric acid, free from chlorine, run into A through the funnel 
g (into the tube of which it is well to have ruu a few drops of water 
before beginning to expel the air from the apparatus), and A is 
shaken so as to mix its contents thoroughly. A slow current of 
carbonic anhydride is now again turned on (1 to 2 bubbles through 
the wash-bottle per second), and A is gently warmed over a burner. 
It is a distinct advantage that the reaction does not begin until the 
mixed solutions are warmed, when the liquid becomes orange- 
coloured, the colour again disappearing after the nitrosyl chloride 
and chlorine have been expelled. The warming should be very 
gentle at first, in order to make sure of the conversion of all the 
nitric acid, and also because the first escaping vapours are relatively 
very rich in chlorine; afterwards the liquid in A is briskly boiled. 

* In some subsequent estimations, the tiny piece of rubber tubing at the joint o 
ws« done away with, the narrower tube there being accurately ground into the 
wider one; this mates the condensing apparatus practically perfect. 
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A very little practice enables the operator to judge as to the proper 
rate of warming. When the volume of liquid in A has been reduced 
to about 7 c.c., or so (by which time it is again colourless), the stream 
of carbonic anhydride is slightly quickened, and the apparatus 
allowed to cool down a little. The burner is now set aside for a 
few minutes, and 2 c.c., or so, more of hydrochloric acid, previously 
warmed in a test tube, run in gently through g; there is no fear 
either of the iodide solution running back, or of any bubbles of air 
escaping through y, if this is done carefully. This is a precautionary 
measure, in case a trace of the liberated chlorine might have lodged 
in the comparatively cool liquid in tube h. The carbonic anhydride 
is once more turned on slowly, and the liquid in A is boiled again 
until it is reduced to about 5 c.c. It is now only necessary to allow 
the apparatus to cool down, passing carbonic anhydride all the time, 
after which the contents of the condensers are transferred to a flask 
and titrated with thiosulphate. At the end of a properly conducted 
experiment, the glass in the upper part of tower E should be quite 
•colourless, and there should only be a mere trace of iodine showing 
in the lower part of the tower, while the liquid in the last bulb of the 
'Geissler apparatus ought to be only pale yellow. During the opera¬ 
tion, the stopper of A and the various joints can be tested for 
tightness from time to time by means of a piece of iodide of starch 
paper, and, before disjointing, it is well to test the escaping gas (say, 
at m) in the same way, to make sure that all nitric oxide has been 
thoroughly expelled. 

In order to test the value of the process, pure nitrate of potassium 
was used, that is, ordinary nitrate recrystallised in small crystals 
twice, drained, dried in the air-bath, powdered to a fine flour, and 
again dried at about 160°. 

The following examples may be given:— 

A. 0*2627 gram nitrate was taken. The liberated iodine required 

38'56 c.c. of thiosulphate solution (of which 1 c.c, = 0*006805 
gram fGSTO*) for conversion. This gave 0*2624 gram nitrate 
found, or 99*89 per cent. 

B. 0*2990 gram nitrate taken. 

0*2922 „ „ found, or 100*08 per cent. 

•C. An analysis of a commercial nitrate of soda gave the following 
results:— 


2 ? 2 
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Moisture at 160°* .. 2*95 per cent. 

Sodic nitrate (NTaN0 3 ). 94*68 ,, 

Sodic chloride (KaCl)... 1*55 

Sodic sulphate (ISTaoSO^. 0*44 „ 


Insoluble matter (ignited) ...... 0*44 „ 

99*77 

When it first occurred to me to try this process, I assumed 
(■wrongly) that the decomposition of the nitrate by the hydrochloric- 
acid woujld be incomplete unless some intermediary, such as a man¬ 
ganous salt, was present. A number of estimations were therefore 
made in this way, the nitrate in the evolution flask being dissolved in 
about 5 d.c. of a solution of manganous sulphate (1 part of the crys¬ 
tallised salt in 2), the air expelled from the apparatus, and 15 c.c.. 
hydrochloric acid added as before. Here again, as is already well 
known, there is no reaction until the solution is warmed, when it 
becomes of a deep brown-black colour, returning to its original pale- 
pink at the end of the operation. 

The following examples may be cited :— 

A. 0*2156 gram nitrate of potassium taken. 

0*2154 „ „ „ found, or 99*89 per cent. 

B- 0*2760 gram nitrate taken. 

0*2750 „ „ found, or 99*64 per cent. 

0. 0*2514 gram nitrate taken. 

0*2508 „ ., found, or 99*77 per cent. 

The sp. gr. of the hydrochloric acid employed was 1*180 at ll° r 
which corresponds to about 36 per cent, of HC1; and both the acid and 
sulphate of manganese solution were absolutely free from chlorine 
(a blank experiment was made with them alone). 

In an estimation of nitric acid by the above method, using nitrate, 
water, and hydrochloric acid, not more than 1 to 2 c.c. of water 
should be added, for the solution of the nitrate, to about 15 c.c. of 
H01, although 5 c.c. of water may be added with safety. Thus, in 
an estimation made with 0*2546 gram of pofcassic nitrate, together 
with 5 c.c. water and 15 c.c. HC1 (that is, a mixed solution containing 
27 per cent. HOI), 0*2549 gram was found, or 100*12 per cent. But 
in another with 8 c.c. water and 12 c.c. hydrochloric acid (that is, a 
solution containing 19 to 20 per cent. HC1), the reaction was very 
much slower, and only 90 per cent, of the nitrate was converted. 

Similarly, when using a manganous salt as intermediary, it is not 

* The moisture in commercial nitrate of soda appears not to be completely driven* 
off at the temperature of an ordinary air-bath (about 95°). 
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advisable to add more than 5 c.c. of the manganese solution for 
15 c.c. of hydrochloric acid, as, if moi’e water is present, the reaction 
goes on very slowly, and, after the dilution has roiched a certain 
point (which I have not exactly determined), the nitric acid is not 
entirely converted. Thus, in an experiment made with 0*2590 gra m 
potassic nitrate, dissolved in 5 c.c. manganese solution 4* 12 c.c. acic 
(that is, in a mixture containing between 19 and 20 per cent. HOI) ? 
the reaction was extremely slow. There was relatively little darkening 
of the solution on warming, but it remained coloured all through the 
estimation, and was, in fact, distinctly brown at tbe end of it (that 
is, after boiling with the second quantity of acid) ; and in this case 
only 72*3 per cent, of the nitrate was converted. 

The above process is, of course, only applicable in the absence of 
organic mat ter and reducing agents generally. There are two very 
slight errors involved in it, but these may be neglected, and, indeed, 
they neutralise one another. In the first place, it seems impossible 
to get the las t traces of air expelled by carbonic anhydride from a 
Kipp apparatus ;* this tends to increase tbe percentage of nitric acid- 
found. On the other hand, a trace of iodine is always volatilised in 
transferring the iodide liquid to a flask for titration, a faint iodine 
odour being always perceptible. And here the advantage of using a 
rather strong solution of potassic iodide may be again emphasised. 
The nitric oxide is apparently completely driven out of the apparatus 
by the carbonic anhydride; at the end of a properly-conducted opera¬ 
tion, iodide of starch paper, exposed in the air to the escaping gas, 
shows no trace of it. The presence of any nitric oxide in the liquid 
to be titrated is also readily seen by the fact of the blue iodide of 
starch colour returning immediately , after the solution has been de¬ 
colorised by thiosulphate. 

A nitric acid estimation by this method can thus be made either 
with or without au intermediary like manganous sulphate, but it is 
better without the latter, the nitrate solution being, of course, eoncen- 

* Messrs. De Koninck and Kilioul call attention in their paper to a point which I 
had overlooked, namely, to the necessity for making the connections between the 
Kipp apparatus and the wash-bottle, and between the latter and the evolution flask 
A, with as short pieces of rubber tubing as possible, so as to avoid the diffusion of 
air mto the apparatus. The pieces of tubing used by myself in the above experi¬ 
ments were too long. By attending to this; by exhausting the marble to be used 
ior the generation of the carbonic anhydride m a vacuum, as recommended by 
Bemthsen; and by boiling out the hydrochloric acid for the “ Kipp ” (and also the 
water for the wash-bottle), and cooling it again in the absence of air, the analytical 
error arising from the presence of traces oi air might be practically done away with. 
further, to prevent any re-absorption of air by the acid in the topmost bulb of the 
Kipp apparatus, a second smaller carbonic acid “ Kipp ” may be attached to the 
latter, the connecting stop-cock between the two “ Kipps ” being left always open. 



536 


RICHARDSON: THE DECOMPOSITION 


trated. In the presence of a manganous salt, it seems to he moi*c 
difficult to boil out the last traces of chlorine. 

It is hardly necessaiy to add that the greatest care must be taken 
in standardising the thiosulphate solution from a dccinormal di¬ 
chromate one. I have found a fifth-normal solution of the thio¬ 
sulphate to be most convenient (this contains 50 grams of the salt 
per litre). 0*25 gram of potassic nitrate requires about 38 c.c. of 
such a solution* 

It appears to me that there are several advantages in this method 
of estimating nitric acid in nitrates, of course always in absence of 
reducing agents:—1st. The time required is short; once the apparatus 
has been made, an estimation can be done in 1^ to 2 hours. 2nd. 
Bunsen’s titration of iodine is the most beautiful of all volumetric 
methods. 3rd. The process is comparatively simple, and can be 
readily carried out by any one fairly expert in chemical analysis. I 
trust that it may he found of practical use for the direct estimation 
of nitric acid in commercial nitrates of potash and soda. 

University College of N. Wales , Bangor , 

April 28,1891. 


XLIX .—The Decomposition of Silver Chlonde by Light. 

By A. Richakikon, Ph.D., University College, Bristol. 

Although the fact that silver chloride darkens on exposure to light 
has long been known, the composition of the product formed has not 
yet been satisfactorily determined *, the observation of Schelle, how¬ 
ever, that the darkening process is accompanied by an evolution of 
chlorine, leads to the conclusion that the substance formed is either n 
subchloride or an oxychloride of silver, whilst its sparing solubility 
in dilute nitric acid seems to preclude the possibility of the reduction 
of the chloride to metallic silver. 

Fischer, in 1814, assumed that the darkened product was a sub¬ 
chloride, and this idea has been generally accepted until recent years. 
When, however, doubt was cast on the existence of "Wohler’s silver* 
snboxide by the experiments of Muthman (Her., 1887, 20, 983), and 
cif Bailey and Fowler (Trans., 1887, 51, 416), and the existence of 
the snboxide of Pfordten (Per., 1887, 20, 1458, 3375; 1888, 21, 
2288) was disproved by Freidheim (Ber. 9 1887, 20, 2554),’ the 
evidence in favour of the suhchloride theory was somewhat shaken. 
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Quite recently, however, Guntz (Com jot. rend ., 112, 861) claims to 
have obtained silver subchloride by tho action of gaseous hydrogen 
chloride on silver subfluoride, as also the suboxide and other similar 
compounds; the snbchloride so obtained has not, however, been 
identified with the darkened product formed by the action of light on 
silver chloride. 

The other view, namely, that the compound formed is an oxy¬ 
chloride of silver, has lately been received with considerable favour, 
and seems to be supported by some experiments of Dr. Hodgkinson, 
in which the presence of the oxychloride appears to have been 
detected in the darkened compound (Meldola, Chemistry of Photo¬ 
graphy, p. 856). As, however, the evidence in favour either of the 
snbchloride or oxychloride theory is far from conclusive, it was 
thought desirable to examine the darkened silver chloride, in order 
to determine whether it contained oxygen, and further, to study the 
decomposition of the chloride when exposed to light under water. 

The silver chloride used in all the experiments was obtained by 
adding hydrochloric acid to a solution of pure silver nitrate, the pre¬ 
cipitate being washed by decantation, till free from acid. 


Action of Silver Chloride on Water when Exposed to Light . 

In the early experiments, the chloride was exposed to light in sealed 
tubes containing water, the space above being occupied by air. When 
opened after long exposure (about six months), it was found that a 
considerable quantity of gas had been formed, and that it contained 
sufficient oxygen to rekindle a glowing match (8 grams of the 
chloride gave 7 c.c. of gas). The evolution of oxygen under these 
conditions was confirmed by later experiments, and was studied more 
closely in conjunction with the other changes which occur. 

An experiment is recorded by Robert Hunt ( Researches on Light , 
p. 81), in which absorption of gas was observed to take place when the 
chloride was darkened, leading him to the conclusion that the pro¬ 
duct contained oxygen; the conditions, however, were somewhat 
different, and this may account for the want of agreement between 
our results.* 

During the exposure of the chloride under water, it had been fre¬ 
quently observed that the volume of liquid present exercised a consider¬ 
able influence on the rate at which the substance darkened; this point 
was, therefore, further investigated. The exposure of the chloride was 
made in tubes closed at one end, and so arranged that any gas which 
might be evolved wonld expel a portion of the water by an exit tube 

* It does not appear that in Hunt** experiment a large volume of water was 
present. 



538 


RICHARDSON: THE DECOMPOSITION 


terminating in a bulb, in which it was collected. Four tubes of this 
form, having a capacity varying from 57 c.c. to 350 c.c., were filled 
completely with water containing equal quantities (5 grams) of silver 
chloride in suspension. After half an hour’s exposure to bright sun* 
light, bubbles of gas collected in the tube, and continued to be evolved 
till the end of the experiment. The gas was measured after eight 
days’ exposure (April 10—17), and the liquid was examined for free* 
chlorine by the addition of potassium iodide and titration with MT/10 
sodium thiosulphate in the usual way. The total chlorine was also 
estimated, the combined chlorine being found by difference. In deter¬ 
mining the total chlorine, the method adopted in all cases was to add 
sulphur dioxide to a known volume of the liquid, the excess being 
removed by potassium chromate; sodium hydrate was next added, 
and the solution boiled; the precipitated chromic hydrate was filtered 
off, and the liquid and washings made up to known volume; the 
chlorine was then estimated with hf/10 silver nitrate solution, the 
liquid having been previously acidified with dilute nitric acid, and 
neutralised with sodium carbonate. 

This method was found to give good results provided the reagents 
used were free from chlorine. The results are given in the following 
table:— 


Table I. 


1. 

HjO. 

2. l 

1 

O at 0° and , 
760 mm. 

3. 

Total Cl. 

4. 

Combined 

a. 

5. 

Free Cl. 

6. 

HOI in 100 
parts of 
solution. 

e.c. 

e.c. ! 

1 gram 

gram i 

gram 

gram 

57 

4*02 


0*092 

0*005 

0*162 

121 

5*74 

0*124 

0*122 

■fiCljirS 

0*101 

152 

5*94 

0*127 

0*126 

0 *0010 


356 

i 

6*61 

0*142 

0*142 

0*0000 ! 

0*039 


It will be seen that the effect of an increasing volume of water is 
to increase the total quantity of chlorine in solution, and therefore 
the amount of silver chloride decomposed, also to increase the total 
amount of hydrochloric acid formed and of oxygen liberated ;t there 
is, however, a diminution in the amount of free chlorine present. 
Further it is seen, on calculating the strength of acid per 100 parts 
of water (Column 6), that the strongest acid is found in the tube 

* The “ free ” chlorine is not necessarily present entirely as such, but may exist 
partly in the form of oxygen acids of chlorine. 

f This only represents a portion of the oxygen formed, as the amount of gas dis¬ 
solved in the water was not determined. 













OF SILVER CHLORIDE BY LIGHT. 


53 <> 


containing the smallest quantity of water, and it is here also that the 
largest quantity of free chlorine is present. The strength of acid 
and the amonnt of free chloinne therefore decrease as the volume oi 
water increases. 

As the decomposition of silver chloride by light is to a large extent 
dependent on the proportion of free chlorine present, the conditions 
which regulate its conversion into hydrochloric acid in the solution 
were studied. 

It is known that the presence of hydrochloric acid exercises a re¬ 
tarding influence on the decomposition of chlorine-water by light, 
and a series of experiments have been made (JB. A . Report^ 1888), in 
order to determine the influence of different quantities of acid on its 
stability. The results given in Table II show that even minute 
quantities of the acid exercise a very decided influence on the rate at 
which free chlorine is converted into hydrochloric acid under the 
influence of sunlight (exposure seven days, August 17—24). 


Table II. 


Parts of Cl per 

100 h 2 o. 

Farts of HOI per 
100 H 2 0 added. 

Per cent, free 

01 found. 

Per cent, combined 

Cl found-HC1 added. 

0-284 

0*029 

2*34 

97-6C 

0-270 

0-289 

12-61 

87*38 

0*260 

0-400 

28-67 

71-42 

0*290 

0-687 

39-26 

60*95 

0-290 

0-724 

68-71 

41-29 

0-282 

1-168 

87-82 

12-18 

0*291 

1-447 

95-47 

4-53 


In the case of silver chloride in water, the chlorine evolved during 
exposure to light is at first speedily converted into hydrochloric acid, 
but as the strength of acid increases its rate of formation diminishes. 
Free chlorine, therefore, accumulates in the solution until (the in¬ 
tensity of light remaining constant) a maximum is reached, at which 
stage further decomposition of silver chloride is balanced by recom¬ 
bination of chlorine with the darkened product. The formation of 
free chlorine is still more marked where silver chloride is exposed 
under a solution of hydrochloric acid in the first instance, as is shown 
by the following experiment, in which equal quantities of silver 
chloride were exposed to light in solutions of hydrochloric acid of 
varying strengths. After an exposure of seven days (April 20—27) 
the free chlorine and oxygen liberated were determined. Daring 
■exposure it was observed that the liquid in the tubes containing acid 
was of a distinctly green tint (especially when seen through the 
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Curve bhotving influence of Hydrochloric Acid on the decomposition of Chlorine- 

tv ater by Light. 



entire length of the tube), the chlorine liberated from the silver salt 
remaining in solution in the "water. In the night* however, rechlorin¬ 
ation of the darkened silver compound had occurred to such an 
extent that the colour had almost entirely disappeared from the 
solution. The estimation of the free chlorine was therefore made 
immediately after exposure to bright sunshine, and again after the 
liquid had been left in contact with the darkened product for 14 hours 
in the dark. 

The results obtained are given in the following table:— 


Table III. 


1 . 

HC1 added per 
100 c.c. solution. 

o 

c.c. 0 set free. 

3. 

Free Cl found. 

4. 

Free Cl found after 

14 honrb in tho dark. 

4*0 

minute bubble 

0*042 

0*014 

1*97 

0*5 

0*035 

0*019 

0*38 

1*9 

0*024 

0*003 

0*19 

1*7 

0*007 

0*0008 

0*00 

4*2 

0*0017 

0*0003 


In another experiment made to determine how far the total amount 
of chlorine evolved from silver chloride during exposure was influ- 
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enced by the presence of hydrochloric acid, the following results 
were obtained. A comparative experiment was made with silver 
chloride in pure water. 


Table IV. 


HC1 per 100 pts. 

Total Cl found 

Combined 

Free Cl 

Per cent, free 

H 2 0 taken. 

(—HC1 added). 

Cl found. 

found. 

Cl. 

0'909 gram 

0*201 gram 

0 *173 

0*027 

13*7 

o-o „ 

0*270 „ 

0-273 

0*002 

0*94 


Here it is seen that, although the presence of liydrochloiic acid 
increases the amount of free chlorine in the solution, yet the total 
chlorine set free (and therefore the amount of decomposition of the 
silver salt), is decreased. In order then to obtain the maximum 
amount of surface decomposition of silver chloride, it is necessary 
that the volume of water present should be relatively large, and that 
the solution of acid formed should be ofteu replaced by pure water 
during the exposure. 

The explanation of the retarding influence of haloid salts, and of 
oxidising agents, on the darkening of silver chloride appears to be 
found in a study of the action of these substances on solutions of 
chlorine-water under the influence of light. 

The condition of the free chlorine in the solution is one of some 
interest, and was next studied. The examination of the liquid for 
oxy-acids of chlorine was, however, hampered by the fact that a part 
of the oxygen liberated was present as ozone, the smell of this sub¬ 
stance being distinctly recognised, especially during the first periods 
of exposure of silver chloride, when large quantities of water were 
present. To further prove the presence of this substance, air was 
drawn through water containing silver chloride in suspension, during 
exposure to sunlight, and was then passed through two bulbs contain¬ 
ing solutions of silver nitrate, and finally into a solution of potassium 
iodide, which was protected from the light; the liquid in the first 
bulb became milky, that in the second remained perfectly clear, whilst 
iodine was set free in the solution of potassium iodide. 

Ho hydrogen peroxide was detected in the liquid containing silver 
chloride during any period of exposure. 

The observations of Popper ( Annalen , 227,161) and of Pcdler 
(Trans., 1890,57,613) show that hypochlorous and other oxy-acids of 
chlorine are iormed during the decomposition of solutions of chlorine- 
water by light, and it seemed probable that a part of the chlorine 
evolved by the decomposition of silver chloride by light should, in 
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presence of water, form similar products, and statements to this effect 
have repeatedly been made (B. A. Report, 1859,107). An experiment 
was therefore made in which silver chloride in contact with a small 
quantity of water (20 c.c.) was exposed to bright sunlight for six hours. 
The liquid was then tested for hypochlorous acid by agitation with 
mercury, and subsequent treatment with hydrochloric acid, as sug¬ 
gested by Wolters (/. pr. Ghent., 74, 68). The formation of hypo- 
chlorous acid was noted by the fact that mercury was present in the 
solution; although this test could not be applied quantitatively in the 
piesence of ozone, yet the comparatively large quantity of mercury in 
the solution could only be ascribed to the presence of hypochlorous 
or similar acids in the liquid, together with free chlorine. It was 
noticed, however, that a strong solution of hypochlorous acid was 
decomposed by contact with normal silver chloride, even in the dark, 
a green gas containing free oxygen and chlorine being evolved; the 
silver chloride appeared to be unaltered; how far dilute solutions of 
the acid are decomposed is yet to be determined. 

Examination of the Darkened Ghloride for Oxygen. 

The question whether the darkened compound is an oxychloride, 
•or a subchloride of silver appeared to be best decided by a careful 
•examination of the compound for oxygen. The first experiments 
made in this direction consisted in heating the dry, darkened product 
in a vacuum, and collecting any gas which might be given off. 

26 grams of pure silver chloride, which had been exposed to light 
under water until it had lost 8 per cent, of its total chlorine, was dried 
at 110°, and placed in a hard glass tube closed at one end, and con¬ 
nected at the other with a Sprengel pump; after the tube was 
exhausted, a graduated tube containing mercury was inverted over 
the (turned up) end of the fall tube of the pump, in order to collect 
any gas which might be given off on heating. On gently warming 
the tube containing the chloride, it was found that just at first small 
•quantities of gas were carried over; when gas ceased to come off, the 
temperature was raised and kept at the melting point of the chloride 
for about half an hour, during which period no further gas was 
evolved. The total volume of gas collected = 0 # 6 c.c.; this was 
proved to be air contained in the powder and on the glass, for on 
shaking with alkaline pyrogallol only a minute contraction of about 
0*1 c.c. took place. 

In a second experiment, 20 grams of the darkened chloride, from 
which 7 per cent, of total chlorine had been removed by exposure to 
light, was heated as in the previous experiment; in this case also a 
minute quantity of gas was given off, which measured 0*4 c.e. at 0° and 
760 mm. 
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It appears from these results that if oxygen is present in com¬ 
bination -with the darkened chloride, it is not given off at the melting 
point of the silver chloride with which it is associated. 

The next experiments were made to determine whether water was 
formed when the darkened product was heated in pure hydrogen. 
The gas, which was prepared by the action of steam on metallic 
sodium, was first dried by passing it through tubes containing sulph¬ 
uric acid, then lead over metallic copper heated to redness, and, 
finally, the last traces of moisture were removed by means of phos¬ 
phorus pentoxide. The gas so obtained was passed into a combustion 
tube, in which the darkened chloride was to be heated; this tube was 
drawn out at one end and terminated inside a bulb, which was con¬ 
nected with a weighed phosphorus pentoxide tube, the escaping gas 
then passing through a second drying tube and finally into a bulb 
containing water, in which the hydrochloric acid was absorbed. 

That phosphorus pentoxide does not absorb dry hydrogen chloride 
to any appreciable extent (when exposed to the gas for a few horns 
only) was proved by the fact that the gain in weight of such a drying 
tube, after being exposed to the action of hydrogen chloride for 
3J hours, was only 0*003 gram, and that, on again passing the gas for 
2 hours, no further increase in weight could be detected.* Tubes 
which had been exposed to the action of the gas till the weight re¬ 
mained constant were used in the subsequent experiments. Before 
heating the darkened silver chloride in hydrogen, the combustion 
tube was exhausted and gently heated until the air adhering to tho 
glass and pulverised chloride had been removed ; the tube was then 
heated in the current of hydrogen, the temperature being gradually 
raised till the chloride began to show signs of fusing; it was impor¬ 
tant, however, that the temperature should not rise too high, as tho 
hydrogen chloride formed was found to act on the glass, carrying 
over small quantities of calcium chloride, which possibly (in one case) 
reached the weighed phosphorus pentoxide tube. The reduction, 
which lasted from 7—8 hours, was found to be complete when the 
escaping gas failed to give any turbidity with silver nitrate. 

The results are given of four experiments made in the manner 
described. In the first three, the darkened chloride was obtained from 
silver chloride, from which 8 per cent, of chlorine had been removed by 
the action of light. In the last experiment, pure silver chloride was 
reduced in order to determine how far the gain in weight in the 
phosphorus pentoxide tube was due to experimental error. 

In the second experiment, the tube had been strongly heated, and 
it was most probable that a trace of calcium chloride was carried 
over. 

* Dry air was drawn through the tubes before weighing. 
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Tvble V. 


Weight of darkened chloride 
taken. 

Gain in weight of P 2 0 5 
tube. 

1. 24’64 grams 

0 *00375 gram 

2.22*35 „ 

0 -0M75 „ 


(very strongly heated) 

3. 24*24 „ 

0 ’00325 gram 

4. 13*0 „ 

0-00250 „ 

(normal chloride) 



From tliese experiments, it will be seen that the increase in weight 
in the phosphorus pentoxide tubes is so small as to preclude the pos¬ 
sibility of the presence of an oxygen compound of silver in the 
darkened chloride. 

In conclusion, it may be mentioned that, as a further proof of the 
absence of oxygen in this substance, an experiment, which is a modi¬ 
fication of one described by Cary Lea ( Amer . 3. Sci. 38, 356—361), 
was made. Silver chloride was dried with extreme care and placed 
in a tube containing pure dry carbon tetrachloride, from which all 
air was expelled by boiling; on exposure to light, the chloride rapidly 
darkened, although it was certain that no oxygen was present. 


L.— Interaction of Phenyl thiocarbimvle with Acetic and Propionic 
Acids respectively . 

"By Emil A. Werner, Assistant Lecturer in Chemistry, University of 

Dublin. 

“The interaction of p henylthiocarbimide with acetic acid was origin¬ 
ally made the subject of an experiment by A. W. von Hofmann 
<£er., 3, 770) and later on by Claus and Ypltzkow (Her, 14, 445). 
According to the former, the substances interact at 130—140° with 
•production of diacetanilide , in accordance with the equation 

CsH-HCS + 2CH S -C00H = (CH^CO^CsHs + H 2 S + C0 2 . 

OJaus and Ydltzkow* heated the mixture at 160°, and showed that 
under these conditions the product is acetanilide, , while C0 2 ,H 3 S, and 
*COS are the bye-produets of the decomposition. 

* These chemists appear to have overlooked Hofmann’s experiment, as their 
{paper contains no reference to it. 
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In neither case were the experiments exhaustive, analytical data 
being absent from both papers. 

In order to finally establish the exact nature of the action, I have, 
in connection with the previous paper (this vol., p. 396), made a 
careful reinvestigation of the subject; in the meantime, I have bc3n, 
to a certain extent, anticipated in my work by the recent publication 
of a paper by Messrs. Cain and Cohen dealing with the same change 
(this vol., p. 327). 

While I agree with these gentlemen that diacetanilido is not 
formed under any conditions of interaction between phenylthio- 
carbimide and glacial acetic acid, my results, on the other hand, 
compel me to differ entirely from their conclusions with respect to the 
exact course of the change. 

Since the thiocarbimides are readily decomposed by water at 
moderately high temperatures, a careful exclusion of water in study¬ 
ing these actions is of paramount importance; the neglect of this 
precaution has, I believe, caused Messrs. Cain and Cohen to be mis¬ 
led by their results. 

The details of my experiments are as follows:— 

I. Phenylthiocarhimide and Anhydrous Acetic Acid . 

In all the experiments recorded in my previous paper (this vol., 
p. 396), the conditions were such that water was obviously absent 
from the materials. In preparing, therefore, a specimen of pure 
acetic acid for the present work, the following method was adopted. 
The fraction distilling at 118—121° from a specimen of commercial 
pure acetic acid was subjected to a second distillation, and a fraction 
collected which distilled over at 119°. 

A careful titration of the acid in this fraction showed it to contain 
98*4 per cent, of real acetic acid. The necessary amount of pure 
acetic anhydride to yield a 100 per cent, acid was now aided to a 
weighed quantity of this fraction, and the product heated on the 
water-bath in a sealed tube for several hours. 

The results of my experiments prove conclusively that my specimen 
of acid was absolutely anhydrous. 

PJxjp- 1.—Since I have already stated in the previous paper that 
the action takes place according to the equation 

C 6 H 5 -NCS + CBVCOOH as OHvOO^H-CeHs + COS, 

equal molecular proportions were accordingly used in the first ex¬ 
periments. 

The quantities employed were:— 

f 6-8 grams 0 tf H 5 *N0S ... 1 mol. prop. 

IS O „ CHyCOOH.. 1 
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Pkenylthiocarbimide and pure acetic acid are freely miscible in 
these proportions. The mixture was heated in a sealed tube of stout 
glass at 135—140° for three hours. On cooling, the contents had 
become a solid, crystalline mass of a pale yellow tint. There was a 
considerable rush of gas on opening the tube. The following obser¬ 
vations on this gas prove that it was, practically, pure COS. With a 
neutral solution of lead nitrate, it produced no precipitate, and hence 
aulphureited hydrogen was absent. With an alkaline lead solution and 
with ammoniacal silver nitrate, it produced an immediate black pre¬ 
cipitate of sulphide of the metal. The gas burnt with a lavender-blue 
flame, producing CO s and S0 2 , but no water , as shown by the absence 
of a deposit of “ dew * on the sides of a funnel held over the flame. 
The odour, while characteristic of COS, was perfectly free from the 
smell of H 3 S. 

The weight of the solid product, after gentle warming to expel every 
trace of occluded gas, was 6*9 grams. 

Hence loss due to gas evolved was 9*8 — 6*9 = 2*9 grams, or 
29*59 per cent, of the materials used. Theory for the above equation, 
30*76 per cent. 

The solid product was completely dissolved in sufficient boiling 
distilled water, from which it separated on cooling in thin, glistening 
prisms melting at 112—113°, and possessing all the properties of 
acetanilide. From the mother liquor, two further crops of crystals 
were obtained; the melting point was in each case, after a single re¬ 
crystallisation, 112—113°. 

The following analytical data prove conclusively that acetanilide is 
the sole constituent of the solid product of the interaction:— 

1st crop of crystals:—0*2098 gram gave 19*1 c.c. nitrogen at 
18° and 766 mm. 

2nd crop of crystals:—0*1928 gram gave 17*9 c.c. nitrogen at 15* 
and 757 mm. 

3rd crop of crystals:—0*1725 gram gave 16*0 c.c. nitrogen at 14 V 
and 751 mm. 


1st. IN.... 
2nd. ST.... 
3rd. N - .... 


10*53 per cent. 
10*75 


10*72 


79 


} 


Theory for 
acetanilide. 

10*37 p. c. 


Theory for 
diacetanilide. 

7*90 p. c. 


These determinations of nitrogen were necessary for identification, 
since v. Hofmann states that diacetanilide melts at 111—112°, and 
resembles acetanilide in its properties. 

The total weight of acetanilide crystals obtained was 6*78 grams, 
corresponding to 69*18 per cent, of tbe materials used. 
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Theory for the above equation, 60 23 per cent. 

Exp. 2.—This was a repetition of the preceding experiment, as 
regards the molecular proportions and quantities used; the mixture, 
however, was heated for two hours at 160—170°, the same tempera¬ 
ture as that adopted by Olaus and Voltzkow in their experiment. 
The results are practically the same as at the lower temperature, 
namely:— 

Gras evolved. 2*95 grams. Theory.... 3*0 grams. 

Acetanilide crystals. 6*69 „ „ .... 6*75 „ 

Exp. 3.—In this case, two molecular proportions of acetic acid were 
used to one of the thiocarbimide, these being the ratios demanded by 
the equation given by v. Hofmann. 

The quantities used -were { ** ***» 0 ^°^ 

Heated for three hours at 135—140°. 

The product of the action was a viscid liquid, until the gas had 
been expelled from the tube, when it almost completely solidified. It 
smelt strongly of acetic acid, and, m order to estimate the amount of 
the latter, the product was extracted with cold water, and the solution 
filtered from excess of acetanilide was directly titrated with standard 
soda; 1*41 grams of unaltered acetic acid was present, or practically 
half the quantity used. 

The weight of acetanilide obtained was 3’2 grams. Theory, 3 37 
grams. Therefore the interaction was simply between equal mole¬ 
cular proportions. 

Eayp. 4.—The reverse of the last; namely, two molecular propor¬ 
tions of phenylthiocarbimide to one of acetic acid. 

__ 'i f 6-8 grams C 6 H*-HCS 
Q “ tl —„ OH.COOH. 

Heated for three hours at 135—140°. 

The product of the action was a soft solid, about the consistency of 
suet. It smelt strongly of phenylthiocarbimide, and was therefore 
added to water and subjected to steam-distillation. 

2*98 grams of CeHsvN’CS were collected from the distillate; the 
almost unavoidable error in collecting a small quantity of the thio- 
'Carbimide is sufficient to account for the slight deficiency (0 a 42 gram) 
from the theoretical, for one molecular proportion. 

Weight of acetanilide obtained, 3*17 grams. Theory, 3*37 grams* 
Therefore interaction was again restricced to equal molecular pro¬ 
portions. 

Vcl. lix. 2 a 
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Since tlie previous investigators* agree in mentioning sulphuretted! 
hydrogen as one of the gaseous products of decomposition, the absence 
of -which I proved in all the foregoing experiments, it seemed prob¬ 
able that the occurrence of this gas most be attributed to the presence 
of water in the materials. With the object of studying this point, 
and of further testing the possibility of the formation of diacetanilide 
under snch conditions, the following experiments were conducted:— 


II. Phenylthiocarlimide and Acetic Acid containing 10 per cent . of 

Water . 

r 3*4 grams C 6 H 5 *NCS (1 mol. prop.). 

Mxp. 5.—Quantities used< 1*5 „ CH 3 *COOH (1 mol. prop.). 

1015 „ H 2 0. 

The thiocarbimide is not completely miscible with acetic acid! 
diluted to the above extent. The mixture was heated in a sealed 
tube at 135—140° for three hours. On opening the tube, there was* 
abundant evolution of gas, containing much sulphuretted hydrogen* 
recognised by following tests:— 

a. The characteristic smell. 

5. With neutral lead nitrate solution, an immediate black precipi¬ 
tate of PbS. 

c. On combustion of the gas, water was formed , together with SO a 
and C0 2 . 


The gas evolved from the tube consisted of H 2 S, C0 2 , and COS. 

The stzong odour of acetic acid in the solid product of the action 
proved that a certain portion had escaped decomposition, which wa& 
not the case when the same molecular proportions were caused to act 
in the absence of water. 

The solid product, after complete extraction with boiling water, 
left 0*68 gram of an insoluble substance which evidently resulted 
from secondary action due to the presence of water. The total 
weight of acetanilide obtained from the aqueous extract was 2*27 
grams. 

That this consisted solely of acetanilide was proved by a nitrogen 
determination in a mean sample taken from the whole product. 

Found. Theory. 

H .. 10*63 per cent. 10*37 per cent. 

The main portion of the work in the present paper was completed in the* 
autumn of last year. 
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Therefore, no diacetanilide (1ST = 7*9 per cent.) was present in the 
product. 

A quantity of the insoluble product, accumulated from three experi¬ 
ments, was purified by crystallisation from hot alcohol, from which it 
separated almost completely, on cooling, in the form of fine, slender, 
colourless prisms having a beautiful, silky lustre. The crystals do 
not contain sulphur. 

The analyses of a specimen, purified by two crystallisations from 
boiling alcohol, lead to the empirical formula C^Hi-gNiO for the 
substance. 

Data:— 

I. 0*2429 gram gave 0*124 gram H a O (the carbon of this experi¬ 
ment was lost). 

IT. 0*2035 gram gave 0*1108 gram H 2 0 and 0*546 gram C0 2 . 

III. 0*1865 gram gave 21*6 c.c. of nitrogen at 16° and 755 mm* 


Pound. 


X. XX. 

C. — 73*16 

H. 5*66 6 04 

H. — — 

O. — 7*45 

(by diff.) 


- 

Theory for 

III. 

CigHuNjO. 

— 

73'58 per cent. 

— 

5-66 

13*35 

13-20 


7-55 „ 


The crystals melt at 234—235°, and, when fused with phosphoric 
anhydride, evolve at once the irritating odour of phenyl isocyanate. 

These results, verified by a direct comparison with a specimen of 
carbanilide melting at 235°, prove the identity of the substance. 

The formation of diphenylnrea, shown by this experiment to be 
due to the presence of water, is readily explained by the equation 

2C 6 H 5 *3SrCS + 3HjO = CO(SrH-C 6 H 6 ) 2 + 2H 3 S + CO* 

the correct nature of which is proved by the quantitative results ob¬ 
tained. Thus, according to this equation, 0*15 gram water should 
give rise to the formation of 

Diphenylnrea.. 0*588 gram. Found .. 0*68 gram (crude). 

whilst, under the circumstances, the weight of acetanilide produced 
should be— 

Theory. 2*52 grams. Found .. 2*27 grams. 

A closer agreement with the theoretical numbers was not to be ex¬ 
pected in an experiment of this nature, where great accuracy was not 
aimed at. 


2 Q 2 
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I may add that three other experiments were carried out in presence 
of water, and in each case H 2 S and diphenylurea were produced, the 
quantity of the latter varying directly with the amount of water 
present; it is unnecessary to give the details of these experiments, as 
the next point of interest in connection with the present investigation 
lies in the following:— 

f 3*4 grams CrE^HCS. 

Plow. 6.—Quantities used< 1*5 „ CH^COOH. 

Lo-15 „ H 2 0. 

Heated in sealed tube for three hours at 160—170°, that is, at the 
temperature as adopted by Claus and Voltzkow. Under these con¬ 
ditions, the weight of carbanilide obtained was only 

0 09 gram. Theory .. 0*588 gram, 

whilst the weight of acetanilide was increased to 2 95 grams. As 
before, the gas evolved consisted of C0 2 , H 2 S, and COS. 

Therefore, at the higher temperature, the diphenylurea undergoes 
decomposition, giving rise to acetanilide, in accordance with the 
equation 

C0 <NH-§H« + 20H » -C00H: = 20H S *C0-NH-0,H, + GO, + H s O. 

This decomposition is independent of the presence of water, as a 
direct experiment has shown that pure anhydrous acetic acid decom¬ 
poses diphenylurea at 160—170°, though for complete decomposition 
a large excess of the acid and prolonged heating is required. 


III. Phenylthiocarbimide and Propionic Add . 


Quantities used 


f 6*8 grams CrH^CS. 

13*7 „ aHyCOOH. 


The specimen of propionic acid was obtained from Messrs. Harring¬ 
ton Bros., of Cork; a determination of its strength proved it to 
contain 99*56 per cent, of real acid. The mixture was heated at 
180—140° for two hours. A trace of sulphuretted hydrogen was 
evolved, due to the small quantity of water present. The weight of 
diphenylurea obtained was 0 11 gram. The weight of propionanilide 
(m. p. 99—100°) 


6*85 grams. Theory. 7*45 grams. 

The product from the action smelt slightly of phenylthiocarbimide, 
and contained a small amount of unaltered acid; complete action, 
therefore, had not taken place. 

The results of this single experiment prove that with propionic 
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acid interaction takes place in exactly the same manner as with acetic 
acid. 

In the case of a single experiment with phenylthiocarbimide and a 
sample of formic acid containing 99'1 per cent, of real acid, there was 
obtained, besides formanilide and diphenylnrea, a small quantity of 
snlphocarbanilide. 

Therefore, in this case a farther secondary decomposition appears 
to take place, not noticed with either acetic or propionic acids. 

University Laboratory , 

Trinity College , Dublin . 


LI.— New Beneylic Derivatives of Tkiocarbamiae. 

By Augustus E. Dixon, M.D., Professor of Chemistry, Queen's 
College, Galway. 

When describing, some little time ago (Trans., 1889, 55, 300), the 
preparation and properties of methylbenzyl- and ethylbenzyl-thio- 
carbamides, I took occasion to point out that the number of benzylated 
derivatives of thiocarbamide hitherto recorded is extremely limited. 

Bemthsen and Klinger (Bar., 12, 575) obtained from benzyl 
chloride and thiocarbamide a compound of the same ultimate com¬ 
position as monobenzylbhiocarbamide. A series of addition-products 
was next recorded by Reimarus (Ber., 19, 2348), resulting from 
the combination of dibenzylthiocarbamide with various ajkylogens j 
and recently E. A. Werner (Trans., 1890, 57, 295), in the course of 
an interesting investigation on the compounds of alkylogens with 
thiocarbamides, obtained compounds having the same empirical 
formulae as benzylphenyl- and benzyldiphenyl-thiocarbamide. These 
substances, however, do not, properly speaking, belong to the 
class of substituted thiocarbamides, but are sulphine compounds 
isomeric with the latter ; they are strongly basic, easily decomposed, 
and, so far as comparison is at present possible, their melting points 
appear to lie much lower than those of the isomeric true thiocarb¬ 
amides. 

The only benzyl substitution derivatives, in fact, of thiocarbamide 
which have been hitherto described (other than the methyl and ethyl 
compounds referred to above) are the monobenzyl- and two dibenzyl- 
thiocarbamides ; and it is remarkable that our information concerning 
two out of these three requires correction. 
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Preparation of Benzylthiocarbimide. —The yield of benzylthiocarb- 
imide is very sensitive to the conditions nnder which it is prepared; 
after several trials, the following method was found to give the best 
result:— 

Benzylamine and rather more than the calculated quantity of 
carbon bisulphide, each dissolved in a large bulk of ether and strongly 
cooled by a freezing mixture, are gradually mixed, with constant 
stirring. The separated benzylammonium benzyldithiocarbamate is 
air-dried, introduced into a large flask, dissolved in alcohol, and to 
the boiling solution is added, little by little, the calculated quantify 
of mercuric chloride in very fine powder. Black mercuric sulphide 
separates at first, but when about one-half to two-thirds of the chloride 
has been used a white precipitate begins to form. When the mercuric 
chloride has all been added, the mixture is steam-distilled, the white 
precipitate (which appears to consist of a compound of benzylamine 
hydrochloride with mercuric chloride) is decomposed, and the greyish 
mixture gradually changes to a full black. The distillation is rather 
tedious, even in a rapid steam-current only about 4 grams of thio- 
carbimide per hour being obtained on the average. The yield by the 
method described is very satisfactory, amounting to over 70 per cent, 
of the theoretical. 

Benzylammonium benzyldithiocarbamate, though gradually de¬ 
composed by boiling with alcohol, may nevertheless be purified by 
careful recrystallisation from warm alcoholic solution. A quantity so 
treated came down in beautiful, thin, iridescent plates; these, when 
dried and powdered, melted at 118—119° with copious effervescence 
and evolution of hydrogen sulphide. After expulsion of the gas, 
the liquid again solidified, and the product now melted at about 
142—144°. 

There could be little doubt that the substance of higher melting 
point was dibenzylthiocarbamide, 


_rjo^NH>C7H 7 » xr o 

° b< -S-NH 3 -C 7 H: 7 - Lfc> <ira-C,H r + HsS ’ 


though this compound is stated by Strakosch (Per., 5, 696) to 
melt at 114°. To decide the point, a quantity of dibenzylthiocarb¬ 
amide, prepared in the usual way from benzylamine and carbon 
bisulphide, was purified by recrystallisation from alcohol. The pro¬ 
duct melted at 146—147° (uncorr.). 


Benzylthiocarbimide and Ammonia .— Benzylihiocarba/mide. 

To prepare this substance, benzylthiocarbimide was covered with 
excess of strong ammonia solution; in about an hour, the thiocarb 
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imide had disappeared, and was replaced by a white, crystalline cake. 
On recrystallising this from boiling water, minute, white prisms were 
obtained; the latter were quite pure, and melted at 161—162° (un- 
-corr.). 

A portion dried at 100° was burnt for nitrogen, with the following 
result;— 

0-2200 gram, burnt with copper oxide, and copper gauze in front, 
afforded 32*2 c.c. gas, measured at 13° and 752-5 mm., or N = 
17*12 per cent. 

Calculated for C 8 Hi 0 N 2 S, N = 16*90 per cent. 

The product is, accordingly, monobenzylthiocarbamide, 

C 8 H(*CHa*NCS + KH S = 

The substance is slightly soluble in boiling water, almost insoluble 
in cold; it dissolves easily in alcohol, rather sparinglyin benzene, 
chloroform, or carbon bisulphide, and very sparingly in ether. 

Neither aqueous nor alcoholic solution gives any colour-change with 
ferric chloride; on the addition of ammoniacal silver nitrate, the 
liquid is immediately blackened; and it is gradually desulphurised 
by boiling with alkaline solution of lead. 

The properties of this compound are by no means in agreement 
with those of the product described by Paternb and Spica as result¬ 
ing from the combination of benzylamine hydrochloride with potassium 
thiocyanate. These chemists state (Zter., 9, 81) that the monobenzyl 
thiocarbamide so obtained is very soluble in water, and record its 
melting point as 101°* The possibility of 101° being a misprint for 
161° suggested itself, but the discrepancy regarding its solubility in 
water still remained. With a view, therefore, of ascertaining the 
cause of this, the preparation from benzylamine hydrochloride and 
potassium thiocyanate was undertaken, with the following somewhat 
unexpected result:— 


Benzylamine Hydrochloride and Potassium Thiocyanate .— Benzyl- 
ammonium Thiocyanate . 

10-7 grams (1 mol.) of pure benzylamine were neutralised by dilute 
hydrochloric acid, 9*7 grams (1 mol.) of potassium thiocyanate in 
aqueous solution were added, and the mixture heated on the water- 
bath until the water was expelled. The product, an oily liquid 
mixed with solid matter, when removed and cooled, set to a hard, 
brittle cake. This was powdered, boiled up with successive quantities 
of anhydrous alcohol, filtered from potassium chloride, and the mixed 
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alcoholic extracts concentrated by gentle beating. When the latter had 
become rednced to a very small bulk, crystals separated; these were 
removed, washed well with chloroform, and recrystallised twice from 
the same solvent mixed with a trace of alcohol. Very long, hair- 
like, flexible needles were thns obtained, possessing a beautiful silky 
lustre, and melting at 101—102° (uncorr.) without sensible de¬ 
composition. 

The product is benzylammonium thiocyanate :— 

I. 0*2042 gram, burnt with CuO, and copper gauze in front, 
afforded 29T c.c. nitrogen, measured at 13° and 773 mm., or 
ET = 17*12 per cent. 

II. T0376 grams were dissolved in 250 c.c. of water, 98*85 c.c. of 

this solution were required to saturate 25 c.c. of N’/IO AgN0 3 , 
or SON - = 35*31 per cent. 

III. 25 c.c. of same solution, titrated by Barnes and JLiddle’s 
method, required 25*7 c.c. of CuS0 4 solution (1*5365 grams 
Cu per litre), or SON = 34*84 per cent. 



Calculated for 

Experiment. 

t - K -* 


CfH/NHs-HSCN. 

i. ii. 

BT . 

. 16-90 

17-12 — 

scasr ... 

. 34-96 

35-31 34*84 


The substance is very freely soluble both in hot and cold water, 
and in alcohol; it is somewhat sparingly soluble in boiling chloroform, 
still less so in cold, it floats on this solvent; the addition of a trace of 
alcohol greatly increases the solubility. In ether, benzene, and carbon 
bisulphide, it dissolves very sparingly. 

Its solution gives the reactions for a thiocyanate; thus, with ferric 
chloride, an intense blood-red colour is produced, and with silver 
nitrate, a white precipitate, at first redissolving on shaking. Absence 
of thiocarbamide is shown by the fact that ammoniacal nitrate of 
silver throws down a white, curdy precipitate, which is not altered in 
colour even by boiling. Neither is the solution desulphurised by 
boiling with alkaline solution of lead. 

A comparison of the properties of the substance described above 
with those of Paterao and Spica’s M benzylthiocarbamide ” leaves 
but little doubt that these chemists had in hand the isomeric benzyl- 
ammonium thiocyanate. As already stated, their compound had a 
melting point of 101° and was very soluble in water; ban gy l a.Tmmrvnrn-m 
thiocyanate melts at 101—102° and is very soluble in the solvent 
named. 

By the action of heat it is readily converted into the more stable 
benzylthiocarbamide; in this case, however, a comparatively high 
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temperature is required to bring about the atomic rc-arrangemont; 
the non-observance of this condition doubtless accounts for Paterno 
and Spica’s results.* 

Action of Seat on Benzylammonium Thiocyanate .—A quantity of 
the pure thio cyanate was heated to a temperature of 150—160°. In 
about 15 minutes, the conversion was practically complete, a portion 
of the product giving with ferric chloride a comparative feeble reac¬ 
tion. The fused mass was now cooled, the solid product broken up, 
washed with cold water until the washings were free from thio¬ 
cyanate, and the residue recrystallised from much boiling water. 

The minute prisms which separated on cooling melted at 162°, and 
resembled in appearance, solubility, and reactions the product ob¬ 
tained from benzylthiocarbimide and ammonia. Proof of the identity 
was completed by a combustion for nitrogen:— 

0*2150 gram, burnt with CuO and copper gauze in front, afforded 
31*5 c.c. nitrogen, measured at 13° and 756*5 mm., or N = 17*22 
per cent. 

Calculated for OaHul^S, N = 16*90 per cent. 

Secondary Benzylated Thiocarbamides. 

OrthotolyltJiiocarbimide and Benzylcumine. — Benssylorthotolylthio - 

carbamide . 

In order to prepare this compound, the base and thiocarbimide, 
each in somewhat dilute alcoholic solution, were mixed in the pro¬ 
portions required by the equation 

CH 3 -C,MCS + CjHyCHj’NH* = 

The mixture at once became warm, and the action was completed 
by heating to near the boiling point. As the liquid cooled, tufts of 
prisms separated, until at last the vessel could be inverted without 
loss of its contents. After being drained on the filter-pump and 
washed with alcohol, the product was practically pure. The yield 
was almost quantitative. On recrystallisation from boiling alcohol, 
the substance came down in tufts of white, rhombic prisms melting 
at 138—139° (uncorr.) without decomposition. The dry compound, 

* It is recorded by de Clermont (Compt. rend ., 1877, 351) that ethylamine 
hydrochloride and potassium thiocyanate, when boiled together in aqueous solution, 
evaporated to dryness, and heated for some time at 100°, yielded no othylthiocorb* 
amide; nor did ethylamine thiocyanate undergo this transformation, even when 
heated in a sealed tube at 150°. With amylomine under like conditions, no better 
results were obtained. 
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when powdered, becomes very strongly electrical on friction with a 
•spatula. 

The formnla was checked by a sulphur determination:—■* 

0*2630 gram, dried over sulphuric acid, afforded 0*2362 gram 
BaS(> 4 , or S = 12*34 per cent. 

Calculated for CuHuNTaS, S = 12*51 per cent. 

Benzylorthotolylthiocarbamide is not sensibly soluble in water 
'even at the boding temperature; it is only moderately soluble in 
boiling alcohol, and sparingly in cold. 

Ammoniacal nitrate of silver produces in the alcoholic solution a 
whitish precipitate, changing almost at once to black. It is de¬ 
sulphurised slowly, owing, perhaps, to its insolubility, by boiling 
with alkaline solution of lead, a brilliant speculum being formed. 

The preparation was now repeated, starting, however, from benzyl- 
thiocarbimide and orthotoluidine. The crystals thus obtained were 
undistinguishable in form and appearance from those produced by 
the combination of orthotolylthiocarbimide and benzylamine; they 
became electrical on friction, melted at the same temperature, namely, 
138—139° (uncorr.), and, in short, behaved in all respects exactly 
like the latter. 


BenzyItMocarbimide and Metatoluidine .— Benzyhmtatolylthiocarbamide. 

This substance was obtained by mixing the theoretical quantities 
of benzylthiocarbimide and metatoluidine, each in alcoholic solution. 
INo sensible evolution of heat occurred, but the mixture, after being 
boiled, lost its cress-like odour, indicating that combination had 
taken place. On standing for some time, beautiful, vitreous, clear 
rhombs began to form; when the separation was completed, the 
latter were collected and washed with alcohol. The yield amounted 
to 82 per cent, of the theoretical, and the product was apparently 
quite pare, as its melting point was unaltered by recrystallisation 
from alcohol. 

A sulphur determination, made with the recrystallised substance, 
gave the following result:— 

0*2603 gram, dried in a vacuum over sulphuric acid, afforded 
0*2314 gram BaSO*, or S = 12*22 per cent. 

Calculated for C 15 H 16 N 2 S, S = 12*51 per cent. 

* These sulphur determinations, except where otherwise specified, were ttibjIa by 
Professor Emerson Reynolds* method, viz., evaporation to dryness in a nickel 
-crucible with pure sodium hydroxide, apd subsequent fusion of the product with 
potassium nitrate. 
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The interaction is similar to the preceding. 

Benzylmetatolylthiocarbamide melts at 113—114° (uneorr.) without 
decomposition to a colourless liquid. It is almost insoluble in boil¬ 
ing water, and quite insoluble in cold. In boiling alcohol it dissolves 
tolerably freely, much more sparingly in cold ; it is soluble also in 
•ether, and freely so in chloroform. 

The solution in alcohol is blackened at once on the addition of 
ammoniacal silver nitrate; and the sulphur is removed by boiling 
alkaline lead solution with formation of a biilliant mirror. 


Benzylthiocarbimide and Faratoluidine. — BenzylparatolyltJiioccM'bamide. 

The base and thiocarbimide, in molecular proportion, were mixed 
in alcoholic solution; the substances combined with evolution of 
heat, and the action was completed by further warming. In about 
an hour, the separation of solid matter commenced; when this was at 
an end, the product was drained on the filter-pump and washed with 
alcohol. As in the preceding case, the substance was practically 
pure; the yield amounted to 88 per cent, of the theoretical. 

On recrystallisation from boiling alcohol, the thiocarbamide came 
down in fine, large, vitreous, clear, rhombic crystals, which were dried 
over sulphuric acid in a vacuum. 

A sulphur estimation gave the following result:— 

0*3044 gram yielded 0*2764 gram BaSO^ or S = 12*48 per cent. 

Calculated for C M H 16 N s S, S = 12*51 per cent. 

The action is formulated as before. 

Benzylparatolylthiocarbamide melts at 120—121° (uneorr.) to a 
colourless liquid; its melting point thus stands intermediate between 
those of the meta- and ortho-compounds, which are 114° and 139° 
respectively. It is extremely sparingly soluble in boiling water, 
insoluble in cold, freely in boiling alcohol, much less so in cold. It 
dissolves readily in chloroform, moderately in ether and benzene, but 
is insoluble in light petroleum, which precipitates it from the last- 
named solvent in minute, rhombic prisms. 

Ammoniaeal silver nitrate at once withdraws the sulphur from the 
cold alcoholic solution, and the substance is also attacked, with forma¬ 
tion of a fine speculum, by boiling alkaline solution of lead. 

Benzylthiocarbimide and Metaxylidine. — Benzylmetaxylylthiocarbam/ide. 

Alcoholic solutions were mixed, containing benzylthiocarbimide and 
metaxylidine in molecular proportion. No heat was evolved; the 
mixture was therefore boiled for a short time and set aside. After 



558 


DIXON: NEW BENZYLIO DERIVATIVES 


standing for about 24 hours, the solution, on shaking, began to 
deposit crystals; the latter, which were white and waxy-looking, 
formed rapidly, and grew to a considerable size. On recrystallisation 
from boiling alcohol, the substance was obtained in very fine, large, 
colourless, apparently monoclinic prisms melting at 84—85° (uncorr.). 

A sulphur determination showed that the expected tbiocarbamide 
had been produced:— 

0*2683 gram, dried in a vacuum over sulphuric add, afforded 
0*2277 gram BaSO*, or S = 11*66 per cent. 

Calculated for CigHisNaS, S = 11*86 per cent. 

The action is thus expressed:— 

0A-0H.-NCS + ggjxwra. = cs<«®gw«! v 

and the yield amounted to about 90 per cent, of the theoretical. 

When heated with water, the substance melts and dissolves to a 
slight extent; on cooling, the solution becomes milky-looking from 
separation of minute, oily globules. It is extremely soluble in boil¬ 
ing alcohol, much less so in cold, soluble in ether, and freely so in 
chloroform. The aqueous solution is desulphurised slowly and im¬ 
perfectly by boiling with alkaline lead solution. 

Benzylthiocarbimide and a-Naphthykmine .— Bmzyl-ci-naplit'hylthio- 

carbamide. 

To prepare this compound, the base and thiocarbimide in molecular 
proportion were mixed in alcohol, and the solution heated to boiling. 
The odour of both constituents soon ceased to be noticeable, and, on 
cooling, crystals separated, which were collected, drained on the 
filter-pump, and washed with alcohol. On recrystallisation from the 
same solvent, colourless rhombs were obtained, having a micaceous 
lustre and melting at 172—173° (uncorr.) to a colourless liquid. 

The formula was checked by a nitrogen determination:— 

0*2248 gram, burnt with OuO and copper gauze in front, afforded 
18*5 c.c. gas, measured at 18° and 767 mm., or = 9*65 per 
cent. 

Calculated for C 18 H lfr N 3 S, N = 9*61 per cent. 

The action takes place according to the equation 

C«H e -CHyNCS + CjoBVNHs = CS<^'.^ 7 0 “ H5 , 

and the yield amounted to over 93 per cent, of the theoretical. 

Benzyl-a-naphthylthiocarbamide dissolves sparingly in hot alcohol. 
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and still less in cold; it is almost insoluble in ether, moderately solu¬ 
ble in chloroform. Benzene dissolves it sparingly, whilst light 
petroleum, in which it is insoluble, precipitates it from the last 
solvent in microscopic, pointed prisms. 

Silver nitrate, when added to the alcoholic solution, throws down 
■an amorphous, white precipitate; this rapidly changes colour, darken¬ 
ing, and finally becoming, even in the cold, quite black. The 
ammoniacal nitrate blackens the solution instantly; and the sulphur 
is also readily removed by boiling with alkaline lead solution, the 
sides of the tube becoming brilliantly plated. 

Benzylihiocarbimide andft-NapMhylamine. — Benzyl-p-ncuphthyltMocarb¬ 
amide. 

The constituents in molecular proportion were boiled together for 
a short time in alcoholic solution. The odour of benzylthiocarbimide 
gradually diminished; on cooling, solid matter separated freely. 
This was drained from the crimson mother liquor by means of the 
filter-pump, well washed with spirit, and recrystallised from much 
boiling alcohol. The product, consisting of clear, colourless, 
micaceous, rhombic plates, was dried over sulphuric acid in a vacuum, 
and the sulphur estimated:— 

0*2850 gram afforded 0*2222 gram BaSO*, or S = 10*72 per cent. 

Calculated for CisH^KoS, S = 10*97 per cent. 

The equation expressing the action is formulated as in the preced¬ 
ing case ; the yield, a little over 93 per cent., was identical with that 
of the a-compound. 

Benzyl-jB-naphthylthiocarbamide melts at 165—166° (uncorr.) to a 
oolourless liquid, that is, 7° lower than its metamer. It is insoluble 
in water, either hot or cold; sparingly soluble in boiling alcohol, still 
less so in cold. It is soluble also in ether, chloroform, and benzene, 
■separating from the last-named solvent in the form of a white, 
flocculent, microcrystalline powder. 

Silver nitrate, added to the alcoholic solution, gives a yellowish- 
white, finely-divided, amorphous precipitate, which slowly darkens; 
with ammoniacal silver nitrate, a black precipitate falls at once. On 
boiling with alkaline lead solution, the sulphur is moderately readily 
removed, and the sides of the tube become plated with a very brilliant 
galena mirror. 

Allylthiocartimide and Benzyl amine. — AlhjTbenzylthiocarbamide. 

This compound was prepared by mixing the theoretical quantities 
of the constituents in alcoholic solution. Vigorous combination 
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occurred, the heat evolved being sufficient to boil off a portion of the 
alcohol; on cooling, brilliant crystals separated, which were removed, 
washed well with cold, and recrystallised from boiling, alcohol. The 
substance was thus obtained in brilliant, colourless, rhombic crystals, 
which were dried over sulphuric acid for analysis. 

Evaporation with aqueous or alcoholic sodium hydroxide incom¬ 
pletely removes the sulphur from this compound; the sulphur 
determinations hence fell from 1 to 3 per cent, too low; a preliminary 
heating with nitric acid, however, met the difficulty. 

0*2762 gram afforded 0*3108 gram BaSO*, or S = 15*47 per cent. 

Calculated for CnHuJ^S, S = 15*54 per cent. 

The interaction runs thus :— 

c 3 h 5 -ncs + c 6 h 0 -ch 2 -nh 3 = cs<^;gg! 0aH6> 

and the yield amounted to nearly 90 per cent, of the theoretical. 

Allylbenzylthiocarbamide melts between 93 and 94° (uncorr.) to 
a colourless liquid. When heated with water, it dissolves to a trifling 
extent; on cooling, the solution becomes milky from separation of 
a cloud of minute oily globules, which, after standing for a short 
time, solidify to microscopic crystals. It is rather freely soluble in 
hot alcohol, moderately in cold; soluble in ether, and very freely in 
chloroform. 

Ammoniacal silver nitrate, when added to the cold alcoholic solu¬ 
tion, immediately precipitates silver sulphide; but the sulphur is 
removed by alkaline lead solution imperfectly, and only after pro¬ 
longed boiling, a galena speculum being produced. 


Action of Hydrochloric Acid upon 'Allylhenzylthiocaibamide. — Benzyl- 
propy lene-ty- thiocarb amide, 

Gabriel has shown (Bar., 22, 2984) that allylthiocarbamide, when 
heated with fuming hydrochloric acid, undergoes intramolecular 
change, yielding an isomeric base. This process has been extended 
by Prager (Ber., 22,2991) to the aromatic, and by Avenarius (ibid., 24, 
260) to the alkyl-substitution, derivatives of allylthiocarbamide; the 
result of their investigations showing that the behaviour is general 
for the allylthiocarbamides, and that the product of the change is 

H • S. „ 

On treating benzylthiosinamine according to Gabriel’s method, the 
following results were obtained;— 

A quantity of the thiocarbamide was sealed up with three times 


a compound of the form 


CH,C 


c 
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its own weight of fuming hydrochloric acid, and the mixture kept for 
two hours at a temperature of about 100°. There was no pressure on 
opening the tube, and its contents, when concentrated to a small bulk, 
formed a colourless, syrupy liquid, which showed no tendency to 
crystallise. 

This liquid, when treated with excess of aqueous potash, deposited 
a heavy oil, which, shortly after removal, solidified. The product 
was well washed with cold water, dissolved in warm alcohol, and the 
solution precipitated by pouring into water. A colourless, heavy oil 
separated; when this solidified, it was broken up, drained, washed, 
and dried. A portion was further purified by dissolving it in boiling 
water, and shaking the solution until cool; by this treatment the 
substance was obtained in fine, white needles, melting at 65— 66° 
without decomposition. 

A nitrogen determination gave the following result:— 

0*2164 gram burnt with CuO and copper gauze in front, afforded' 
25*5 c.c. of gas, measured at 11*5° and 759 mm., or hT = 13*99 
per cent. 

Calculated for CnHuN^S, N = 13*62 per cent. 

The solution has a strongly alkaline reaction to test-paper, but the 
substance is too sparingly soluble in water to admit of a direct deter-* 
ruination of its alkalinity by titration. This was effected, however, 
by dissolving in excess of standard acid, and titrating back by 

0*2979 gram neutralised 14*7 e.c. N/10 HC1, or HC1 combined in* 
hydrochloride = 15*21 per cent. 

Calculated for OuHuiN s S,HCl, HC1 = 15*02 per cent. 

The substance is accordingly w benzylpropylene-^-thiocarbamide. 9 *' 

It has a faint -unpleasant smell, which becomes more pronounced 
on warming. It is sparingly solnble in boiling water, almost insoluble 
in cold; very freely solnble in alcohol, ether, chloroform and benzene; 
and moderately so in light petroleum, separating from the latter in 
tufts of vitreous prisms. Dilute mineral acids readily dissolve the- 
substance, which is precipitated at once, as an oil, from the add 
solution, by alkalis or ammonia. 

The alcoholic solution gives no colour-change with ferric chloride; 
ammoniacal silver nitrate produces a white, milky-looking precipitate,, 
not perceptibly altered by heating; the sulphur, moreover, is not 
withdrawn by even prolonged boiling with alkaline solution of lead. 
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Acetylthiocarbimide and Benzylamine. — Acetylbenzylthiocarbamide. 

To prepare this compound, acetylthiocarbimide, dissolved in well- 
cooled benzene, was gradually added in molecular proportion to pure 
benzylamine, also dissolved in a considerable volume of benzene, and 
cooled to near the freezing point. The liquid became reddish, and 
the penetrating odour of the thiocarbimide soon ceased to be per¬ 
ceptible. After evaporation of the benzene, a viscid liquid remained, 
from which a quantity of a yellow solid slowly deposited. The latter 
was collected on the vacuum-pump, washed well with cold spirit, and 
recrystallised from alcohol. It was still yellowish, but, after another 
recrystallisation, was obtained in long, thin, pearly plates, free from 
colour, and melting at 128—129° (uncorr.). 

The yield is very poor; on operating in ethereal solution, no solid 
substance could be obtained. Even when using benzene, unless the 
solutions are much diluted and well cooled, the action becomes 
violent, and the product is a tarry or syrupy mass, which refuses to 
crystallise. 

A portion of the recrystallised substance was dried over sulphuric? 
acid in a vacuum, and the sulphur estimated, with the following 
result:— 

0-2554 gram afforded 0*2906 gram BaSO*, or S = 15*64 per cent. 

Calculated for CioHraE^SOa, S = 15*40 per cent. 

The product is, therefore, acetylbenzylthiocarbamide, formed accord¬ 
ing to the equation 

CHj-CONCS + OsHs-CHj-NH* = CS<||;gg:^. 

It is insoluble in water; moderately soluble in cold alcohol, freely 
in hot; soluble in ether and freely in chloroform. 

The alcoholic solution gives no colour with ferric chloride ; it is 
readily desulphurised by boiling with alkaline solution of lead. With 
ammoniacal silver nitrate, a whitish precipitate fails, which blackens 
immediately. 

Tertiary Benzylated Thiocarbamides. 

MmzyIthiocarbimide and JMEethylaniline.—Benzylmethylpheny Ithio- 

carbamide . 

Benzylthiocarbimide was added tomethylaniline and a little alcohol 
in the proportion required by the equation 

C.H.-CH^CS + OH l -NH.C,H 4 = 
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The mixture gradually became hot, indicating that union bad 
occurred, but, after cooling, remained clear; the addition of a few 
crystals obtained from a previous qualitative experiment at once deter¬ 
mined the crystallisation of the product. This was dissolved in boiling 
alcohol; on cooling, beautiful, large, white prisms separated, which 
were drained on the filter-pump, washed slightly with spirit, and 
dried in a vacuum over sulphuric acid. The quantity of substance 
thus obtained amounted to over 94 per cent, of the weight of materials 
employed. 

A nitrogen determination gave the following result:— 

0*2081 gram, burnt with CuO and copper gauze in front, afforded 
20*2 c.c. nitrogen, measured at 17° and 757 mm., or N = 11*21 
per cent. 

Calculated for CuHuNgS, NT = 10*97 per cent. 

When heated in a narrow tube, the benzylmetbylphenylthiocarb- 
amide melted at 84—85° (uncorr.). 

On warming with water, it melts to a yellowish, oily liquid, which 
dissolves slightly; on cooling again, the dissolved substance separates 
as a white, milky-looking cloud of minute droplets. It is very freely 
soluble in hot alcohol, sparingly in cold ; soluble in ether, and freoly 
so in chloroform, on which it floats ; it is soluble also in benzene, and 
moderately so in light petroleum. 

Neither the aqueous nor the alcoholic solution is desulphurised by 
treatment with alkaline solution of lead. Silver nitrate, when added 
to the alcoholic solution, causes no precipitate; the ammoniacal 
nitrate, on the other hand, throws down a white, curdy precipitate, 
which dissolves when the liquid is warmed; the clear solution, oti 
boiling, is rapidly decomposed, and a dull-black coating forms on the 
sides of the containing tube. 

It is now clearly established* that a given thiocarbimido, X-NCS, 
when combined with a given primary amine, T\NTH>, yields a com¬ 
pound identical with that produced from the thiocarbimide T-NOS 
and the amine X*STH a ; Hecht (Ber., 23, 288) instances this still 
further, and uses the fact as an argument for the symmetrical struc¬ 
ture of the disubstituted thiocarbamides thus obtained. But, though 
a number of tertiary thiocarbamides have been prepared, by Mainzer, 
Gebhardt, and others, by the union of thiocarbimides with secondary 
amines, no attempt appears to have been made, as yet, to ascertain 
whether isomeric or identical forms would result from combinations 
where certain groups in thiocarbimide and secondary amine, respec¬ 
tively, are transposed. I have, therefore, taken this opportunity to 
prepare a few such compounds, with the results detailed below*. * 

* See, eg,, Weith, Ber,, 8,1523 and 1529. i 
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Methylthiocarbimide and Benzylumine. — MetJiylpheuylbenzylthio- 
carbcuimde. 

The base and thiocarbimide in molecular proportion were mixed in 
alcoholic solution, the mixture boiled and set aside. After several 
days’ standing, the combination of the constituents was complete, 
and a crystalline mass had separated; this, after draining on the 
filter-pump, washing with spirit, and drying, amounted to over 91 per 
cent, of the weight of the materials used. 

On recrystallisation from boiling alcohol, the substance came down 
in tufts of long, shining, white prisms, which, when pressed and 
dried, melted between 120° and 121° without decomposition. 

A. sulphur determination gave the following result:— 

0*3834 gram, oxidised with nitric acid, and treated with NaOH -f 

KNO s , afforded 0 3630 gram BaS0 4 , or S = 13*01 per cent. 

Calculated for Ci B Hi6N 2 S, S = 12*51 per cent. 

The substance is very sparingly soluble in boiling water, insoluble 
in cold. It dissolves readily in boiling alcohol, much more sparingly 
in cold, freely in ether, very freely in chloroform, moderately in 
carbon bisulphide and benzene, and somewhat sparingly in light 
petroleum. 

Even after prolonged boiling with alkaline solution of lead, the 
mixture remains colourless. Silver nitrate, when added to the 
alcoholic solution, produces no precipitate, but the mixture slowly 
darkens. With ammoniacal nitrate of silver, a yellowish-white pre- 
< ipitate falls; this is stable in the cold, but, on heating, becomes first 
orange-red, then black, and a mirror gradually forms. 

In appearance, to some extent, and in general properties, this and 
the preceding compound resemble one another somewhat closely, but 
the remarkable difference between their melting points, 36°, at once 
characterises them as isomeric. The action in the latter case may 
therefore be written— 

OEWtOS + WH.-HH-O* = . 

In the pair of compounds next to be described the general re¬ 
semblance is strikingly close. 

Benzylthwcarbiinide and Ethylaniline. — Benzylethylphenylthio - 
carbamide . 

This compound was prepared by mixing the theoretical quantities 
of base and thiocarbimide. The mixture became slightly warm, but, 
if ter standing for some days, combination was found to be still in- 
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complete; the contents of the vessel were therefore heated to boiling, 
and set aside. After two days, the clear, oily liquid was surrounded 
by a freezing mixture, under which treatment crystallisation com¬ 
menced in about an hour. When complete, the mother liquor was 
drained from the pulpy mass by means of the filter-pump, the white 
residue well washed with cold spirit, and finally recrystallised from 
boiling alcohol. 

From this solvent, the substance was deposited in the form of 
long, slender, oblique prisms, grouped in rosettes, and melting at 
90—91° (uncorr,). 

A portion, dried over sulphuric acid, gave the following results on 
analysis 

0*2629 gram, burnt with CuO and copper gauze in front, afforded 
24*5 c.c. nitrogen, measured at 18° and 756 mm., or H* = 10*70 
per cent. 

Calculated for CieHis^S, 1ST = 10*40 per cent. 

The substance is accordingly benzylethylphenylthiocarbamide ; its 
formation may be thus represented :— 

0JEt.-0H.-N0S + O i H s -NH-C.H 5 = CS<^^;g^. 

When heated with water, it melts and dissolves to a trifling extent, 
separating again, as the solution cools, as a cloud of minute, oily 
globules. It is almost indefinitely soluble in boiling alcohol, only 
moderately so in cold; and dissolves freely in ether, chloroform, and 
benzene; the latter solution is not precipitated by light petroleum. 

Like the other tertiary thiocarbamides, it is not desulphurised by 
boiling with alkaline solution of lead. Silver nitrate, when added to 
the alcoholic solution, fails to cause a precipitate; but the mixture, 
even in the cold, soon begins to decompose; it becomes first grey, 
then black, and after a little time a speculum forms on the sides of 
the tube. With ammoniacal silver nitrate, a curdy, white precipitate 
is produced; this, on heating, first becomes yellow and seems to 
partially dissolve; the liquid then rapidly blackens, and a speculum 
appears. 

Ethylthiocarbimide and Benzylamline .— Mliyl-lenzylglienylthio - 

carbamide . 

The secondary base and thioearbimide were mixed, in concentrated 
alcoholic solution, in the proportions required by the equation 

C*H#*N0S + C.H.-0H.-NH-0.H. = CS<^^ 0Hs . c#IV 

2 & 2 
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Xo heat was evolved, and after boiling and letting stand for a day 
the liquid still smelt pungently of the mustard oil; it was therefor 
sealed up and heated for about two hours at 100°, by which mean; 
the desired combination was effected. The contents of the tub 
solidified at once on removal, the yield of solid product amounting t< 
nearly 80 per cent, of the theoretical. 

By recrystallisation from alcohol, the substance was obtained ii 
colourless, short, thick, rectangular prisms, possessing a rathe] 
greasy lustre, and melting between 90*5° and 91° (uncorr.). 

Analysis of a portion, dried over sulphuric acid, gave the following 
result:— 

0*2019 gram, burnt with CuO and copper gauze in front, affordec 
17 6 c.c. nitrogen, measured at 13*5° and 775 mm., or X = 10*41 
per cent. 

Calculated for Ci*HibX 2 S, X = 10*40 per cent. 

Ethyl-benzylphenylthiocarbamide is insoluble iu cold water, an< 
very sparingly soluble at the boiling temperature. It dissolve; 
almost indefinitely in boiling alcohol, moderately in cold; readily 
iu ether and benzene, and is not precipitated from the last-namec 
solvent by light petroleum. 

Alkaline lead solution fails, even on prolonged boiling, to remove 
the sulphur. Silver nitrate, when added to the alcoholic solution 
causes no precipitate; hut the liquid slowly changes in colour 
becoming first clear yellow, then reddish, and finally almost black 
Xo speculum is formed. With ammoniacal nitrate of silver, a white 
curdy precipitate falls, which, on heating, at once blackens, with pro 
duction of a mirror. Both this and the preceding compounds giv< 
white, curdy, mercurial derivatives on treatment with mercuric 
chloride. 

On comparing the properties of the substance in question with tlia 
of the isomer preceding, a very close resemblance is noticeable 
Their melting points are practically the same; there is no substan 
tial difference as regards the action of the common solvents; the] 
agree in the resistance which they offer to the removal of thei: 
sulphur by alkaline lead solution, and in some other respects. Th< 
differences in their behaviour with ammoniacal and ordinaxy silvei 
nitrate, though perceptible, are by no means striking; and, save foi 
tbe difference in their crystalline forms, they might easily pass foi 
identical. 

The idea did, in fact, suggest itself that the comparatively higl 
temperature to which the constituents had been subjected in th< 
latter case might possibly have determined a position-change in th< 
Ruhstitntinsr crouns. This fttisr>ir»irvn 



OF T HXOO ARB AM IDE. 


Ml 

gently warming an alcoholic solution of ethylthiocarbiniide with 
benzylaniline in molecular proportion, and allowing tbe mixture to 
stand in the cold until combination, which gradually took place, was 
complete. The solid product thus obtained, when purified by recrys¬ 
tallisation from alcohol, formed rectangular prisms, melting at the 
same temperature as, and undistinguishable from, those prepared 
from the same constituents under pressure. 

Whether or not these compounds are really isomeric can scarcely 
be decided on the data recorded. Analogy with the metliyl-phenyl- 
benzyl derivative and its isomer would suggest an affirmative answer; 
but, on the other hand, the difference in crystalline form may be 
explicable on other grounds, and, moreover, it seems strange that the 
transposition of the ethyl and benzyl groups should fail to affect the 
melting point, when it is observed how greatly this is influenced when 
methyl and benzyl change places. 

Provisionally, they may be regarded as position-isomers. As, 
however, the present paper is concerned chiefly with the description 
of benzylic derivatives of thiocarbamide, the question of isomerism 
in this and some other like cases may be reserved for a future com¬ 
munication. 


Benzylthiocarhimide and Benzylaniline. — Benzyl-phenylbensytthio- 

carbamide. 

In order to prepare this substance, benzylthiocarhimide was 
mixed with an alcoholic solution containing molecular proportions of 
benzylaniline, dissolved in a little hot alcohol. On cooling, oily 
droplets separated, which, after standing for some hours, solidified 
to a crystalline mass ; by crystallisation from alcohol, the substanco 
was obtained in the form of white, pointed prisms melting between 
102° and 103° (uneorr.). 

A nitrogen determination showed that the expected dibenzyl- 
phenylthiocarbamide had been produced :— 

0*2218 gram, burnt with OuO and copper gauze in front, afforded 
17 c.c. of gas, measured at 17*5° and 752 mm., or IT = 8*77 per 
cent. 

Calculated for C 2 iH 2 oN i S, IT = 8*45 per cent. 

The action is thus formulated:— 

C,H,-OH*-NCS + C.H 4 *CHvNH-C k H 5 = 

On heating with water, the substance melts readily, but does not 
sensibly dissolve, even at the boiling point. It is freely soluble in 
alcohol, ether, chloroform, and benzene; and dissolves also, though 
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somewhat sparingly, in light petroleum, separating from the last- 
named solvent in minute, very brilliant, short prisms. 

Like its congeners already described, it is not desulphurised by 
boiling with alkaline lead solution. Ammoniacal silver nitrate, wheu 
added to a cold alcoholic solution, throws down a curdy, white preci¬ 
pitate, which, on boiling, is slowly blackened, with formation of a 
speculum of silver sulphide. 


Benzylthiocarbimide and Piperidine, — Benzylpip^dyltMoca/rbavnide. 

To prepare this substance, piperidine was added to an alcoholic 
solution of benzylthiocarbimide in the proportions indicated by the 
equation 

CJff.'CHa'NCS + c 5 h 10 :nh = cs<S^°.h 5 _ 

Heat w T as evolved sufficient to boil off a portion of the alcohol, and 
the combination was completed by boiling for a short time. The 
mixture, on cooling, solidified to a radiating crystalline mass, which 
was pressed between folds of bibulous paper, and recrystallised from 
spirit. Rosettes of large, white, waxy-looking prisms were thus 
obtained which, when dried, melted at 87—88° (uncorr.). 

A portion was oxidised by heating with concentrated nitric acid, 
and the sulphur determined:— 

0*4009 gram afforded 03988 gram BaS0 4 , or S = 13*67 per cent. 

0*2343 gram, burnt with OuO and copper gauze in front, gave 
24*5 c.c. nitrogen, measured at 13*5° and 763 mm., or 1ST = 
12*37 per cent. 

Calculated for 
C 13 H 18 N 2 S. Experiment. 


S. 13*69 1367 

K. 11*99 12*37 


Benzylpiperidylthiocarbamide is slightly soluble in boiling water; 
as the solution cools, a cloud of minute droplets separates, which, in 
a short time, solidify to colourless, hair-like needles. It dissolves 
very freely in boiling alcohol, moderately in cold; easily in chloro¬ 
form, ether, benzene, and carbon bisulphide. Light petroleum dis¬ 
solves it moderately when hot, sparingly in the cold. It is also 
soluble in concentrated hydrochloric acid, and separates, on dilution 
with water, in the form of oily drops, which soon change to fine 
needles. 

As a tertiary derivative of thiocarbamide, this substance withholds 
its sulphur from alkaline lead solution, even though the boiling be 
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prolonged. Ammoniacal nitrate of silver, as a general rule, desulph¬ 
urises the tertiary thiocarbamides less readily than the neutral 
nitrate; here also this is the case. A cold alcoholic solution, if mixed 
with the ordinary nitrate, begins to darken almost at once, and 
gradually becomes quite black; if, on the other hand, the ammoniacal 
nitrate be added, the solution remains colourless for days. On 
warming the mixture, silver sulphide at once separates. 

The alcoholic solution gives, with ferric chloride, a deep-yellow 
coloration, changing, on warming, to a clear mahogany-brown. With 
copper sulphate, a rich, deep-purple colour is produced which, on the 
addition of water, disappears, leaving the mixture white and turbid. 

Cold sulphuric acid dissolves the substance; after standing for a 
short time, the solution becomes white and milky-looking. If the 
mixture be now warmed it clears, with production of a grass-green 
coloration; on further heating, the contents of the vessel become black 
and carbonised. 

Chemical Laboratory , Queen's College , Galway. 


LII .—Ethyl aod-Dimethy Loloi!- diacetylpimelate and its Decomposition 

Products, 

By F. Stanley Kipping, Ph.D., D.Sc., and J. E. Mackenzie, B.Sc. 

With the exception of the compounds recently described by W. H. 
Perkin, jun., and one of us (Trans., this vol., p. 214), no deriva¬ 
tives of heptametbylene, whose constitution has been proved experi¬ 
mentally, have yet been prepared; the compounds referred to were 
obtained from aa'-diacetylpeutane, this substance, on reduction, being 
converted into dimethyldihydroxyheptamethylene. 

As it seemed probable that other 1: 7-diketones would behave in 
a similar manner, we have prepared aa'-dimethyldiacetylpentane; 
experiments on the reduction of this diketone are being carried out 
by one of us, but, as some time must elapse before the investigation 
is completed, we describe in this paper various compounds which 
have been obtained in studying the preparation of dimethyldiacetyl- 
pentane. 

The following summary of our results may, perhaps, advantageously 
precede the detailed description of the experiments:— 

Ethyl cui'-dimethyl-aa!-diacetylpimelate , OnH^Oe, is obtained in 
considerable quantities when ethyl methylacetoacetate (2 mols.) is 
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treated with sodium ethoxide (2 mols.) and trimethylene bromide 
(1 mol.) in absolute alcoholic solution; its formation is represented 
by the equation 

2 CH/CO*CXaM3-OOOEt + C 3 H 6 Br 2 = 

OOOEt-CMeAc*[CH 2 >CMeAe*COOEt + 2NaBr. 

It is a colourless, moderately thick liquid, boiling at 233—235° 
under a pressure of 50 mm.; that it has the constitution expressed 
by the formula given above is shown (1) by its method of formation, 
(2) by the study of its decomposition products, and (3) by the fact 
that it combines with phenylhydrazine (2 mols.), yielding a dilvydr - 
a zone of the composition CigH^NiO^ 

When ethyl dimethyldiacetylpimelate is hydrolysed with alkalis, it 
\ields dimethylpimelic acid, dimethylacetylcaproic acid, and dimethyl- 
diacetylpentane, according to the equations 

L COOE t*CMe Ac* [CH 3 ] 3 * CMeAc*COOEt + 4KOH = 

COOK*OHMe-[CHJ 3 -CHMe-COOK. + 2 C s HAE: + 20 3 H/0H. 

II. COOEt*CMeAc*[CH 2 ] 3 *CMeAc*COOEfc + 4K0H = 
CHMeAc*[CH 2 ] 3 *CHMe*COOK + C 8 H 3 0 2 K + 2C 2 H fi *OH 

4- KaCO,. 

III. COOEt*OMeAc-[CH 2 ] 3 -OMeAc-COOEt + 4KOH = 

CHMeAc*[CH 2 ] 3 *CHMeAc + 2K,C0 3 + 2C 3 H 5 -OH, 

The relative yield of these three products depends greatly on the 
method of hydrolysis employed; under the most suitable conditions, 
the yield of pure dimethyldiacetylpentane is only about 12—13 per 
cent, of the crude ethereal salt. 

aa '•Dimethylpimelic add , COOH*OHMe*[CH 2 ] 3 *OHMe‘OOOH, crys¬ 
tallises from hot light petroleum in transparent twin prisms, melts 
at 80—81°, boils at 250—251° under a pressure of 53 mm,, aud is 
readily soluble in water and most ordinary organic solvents, except 
light petroleum. The silver salt, C 9 H u 0 4 Ag 2 , larium, salt, C 9 H u OJBa, 
and ethyl salt, CsH^O^Et^, are described. 

ad-Dimethylacetylcaproic arid , CHMeAc*[CHJ,*CHMe*COOH, is a 
colourless, odourless liquid, boiling at about 224° under a pressure of 
t>3 mm.; it is hygroscopic, and is difficult to obtain in a state of 
purity. The silver salt, 0 1() H l7 0 3 Ag, ethyl salt, C 10 H 17 OJ3t, methyl 
salt, CioHn0 3 Me, and the oxime, CioHwE’Os, were prepared, 

oaf-Dimethyldiacetylpentane, CHvCO-CHM'e*[CH 2 ]3*0HMe*0O*CH 3 , 
is a colourless liquid, boiling at 190—192° under a pressure of 
100 mm.; it does not combine with sodium hydrogen sulphite, but 
Tivhen treated with hydroxylamine, it is converted into a crystalline 
dioxime, CnHj^Qi, which melts at 95—96% 
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XJfhyl aa' •dimefhi/ljpimelate i COOEt'CHMe^OHJs'OHMc'OOOEt, is 
formed, in the place of ethyl dimethy 1 diacetylpimelaie, when elliyl 
methylacetoacetate is treated with sodium ethoxide and trimothylene 
“bromide in alcoholic solution, the alcohol employed being not quite 
anhydrous; it is a colourless liquid, boiling at 190—191° under a 
pressure of 80 mm., and, on hydrolysis, it yields an acid identical 
with the aa^dimethylpimelic acid obtained from ethyl dimethyldi- 
acetylpimelate. 


JEthyl clcC- Dimethy Idiacetylpimelate , 
COOEt-CMeAc-[CH s ] *-CMeAc-COOEt. 

The reaction which takes place between ethyl sodiomethylaceto- 
acetate and trimethylene bromide in boiling alcoholic solution is a 
j*ather complicated one, for besides ethyl dimethyldiacetylpimelate, 
the formation of which can be expressed by the equation given above 
(p. 570), a considerable quantity of a mixture of compounds of lower 
boiling point is produced; the nature of this bye-product has not 
been definitely ascertained, but, in all probability, it consists of a 
mixture of ethyl methylallylacetoacetate with regenerated ethyl 
methylacetoacetate. 

For the preparation of ethyl dimethyldiacetylpimelate, the following 
method is employed:—A mixture of trimethylene bromi ie (105 grams) 
and pure ethyl methylacetoacetate (144 grams) is poured, in small 
quantities at a time, into a large fiask containing a cold solution of 
sodium (23 grams) in absolute alcohol (260—280 grams), the mixture 
being shaken well, and also cooled from time to time under the tap, 
so that no considerable rise of temperature occurs. By the time the 
whole of the mixture has been added, the contents of the flask have 
become almost completely solid, owing to the formation of ethyl 
sodiomethylacetoacetato; it is for this reason that it is advisable to 
mix the ethyl methylacetoacetate with the trimethylene bromide, 
instead of adding the two compounds to the sodium ethoxide con¬ 
secutively, as, when the latter course is adopted, the solid mass of 
ethyl sodiometliylacotoacetate is only slowly acted on. 

The mixture is then gradually heated to boiling on the watcr-batli; 
the solid sodium derivative gradually crumbles away, sodium bromide 
is precipitated, and after heating from one to two hours the reaction 
is usually at an end, the solution then showing a neutral reaction. 
After distilling off the alcohol as completely as possible in a salt-bath, 
and adding a small quantity of water to dissolve the sodium bromide, 
the oily product is separated from the aqueous solution with the aid 
of a funnel, the residue extracted once with ether, and the ethereal 
extract mixed with the main portion of the oil; this solution is 
washed with dilute sulphuric acid, then twice with water, dried over 
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calcium chloride, filtered, and the ether evaporated. The residue 
consists of a yellowish oil, the weight of which is usually about 
150 grams; it is a mixture of various compounds, from which the 
ethyl dimethyldiacetylpimelate can be isolated either by submitting 
the mixture to distillation with steam, or by fractional distillation 
under reduced pressure. 

When the former method is adopted, a large quantity of an almost 
colourless oil collects in the receiver, the non-volatile ethyl dimethyl¬ 
diacetylpimelate remaining as a thick, yellow oil, which can be easily 
separated with the aid of a funnel; the weight of the dried, impure 
compound obtained iu this way is about one-half that of the original 
oil, namely, about 70 grams from 144 grams of ethyl methyl ace to- 
acetate. On distillation, under reduced pressure (60 mm.), it begins 
to boil at about 210°, the thermometer rising pretty quickly to 240°, 
the principal portion passing over between 240° and 260°; the pure 
compound can be easily isolated from the highest boiling fraction by 
redistilling once or twice under reduced pressure. 

The second method which can be employed for isolating the ethyl 
dimethyldiacetylpimelate is, perhaps, the more convenient of the 
two; in this case the crude product is fractionally distilled under 
reduced pressure without first separating the compounds which are 
volatile with steam. The quantities of the various fractions obtained 
from the original oil at the first distillation are as follows:— 


Crude product .... 226 grams. 

Pressure ...» . 80 mm. 

Fraction 100—185° 103 grams. 
„ 185-200 15 „ 

„ 200-270 104 „ 

Trace of residue. 


Crude product .... 105 grams. 

Pressuie. 60 mm. 

Fraction 110—160° 40 grams. 
„ 160—210 10 „ 

„ 210-250 50 „ 

Slight residue. 


The first fraction, in both cases, has doubtless the same composi¬ 
tion as the oil which passes over on distillation with steam; the 
intermediate fraction is a mixture of various compounds, and is added 
to the crude product from a subsequent operation; the third fraction 
consists almost entirely of ethyl dimethyldiacetylpimelate, and is 
employed without further purification for the preparation of dimethyl- 
diaeetylpentane; the quantity of this impure product is, on the 
average, about 50 per cent, of the original oil. 

Ethyl dimethyldiacetylpimelate can be easily obtained in a pure 
condition by fractionating the impure liquid once or twice under 
reduced pressure; the following are analyses of two different 
samples of the compound:— 


I. Fraction boiling at 237—242°, under a pressure of 60 mm., 
0-1897 gram substance gave 0*4314 gram C0 2 and 0*1498 
gram H 2 0. 
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II. Fraction boiling at 233—235°, under a pressure of 50 mm., 
0*184$ gram substance gave 0*4205 gram CO* and 01445 
gram H*0. 

Found. 


Calculated for I. II. 

C. 62*19 per cent. 62*02 62*15 per cent. 

H. 8*53 „ 8*77 8*70 

0. 29*28 „ 29*21 29*15 


Ethyl dimethyldiacetylpimelate is a colourless, moderately thick 
liquid with a slight pleasant, aromatic odour, but its vapours are pun¬ 
gent and irritating; it boils at 233—235° under a pressure of 50 mm , 
at about 248—252° under a pressure of 80 mm., and when heated in 
small quantities it boils without any noticeable decomposition under 
the ordinary atmospheric pressure. It shows no signs of crystallising 
even when kept at 0° for some time, and it is not volatile with 
steam; it is specifically heavier than, and insoluble in, cold water, but 
it dissolves to a slight extent in hot water, separating again from the 
solution on cooling. It is miscible with alcohol, ether, &c., in all 
proportions, and it dissolves in concentrated sulphuric acid with 
slight development of heat, yielding a greenish-brown solution; it is 
very readily hydrolysed by alkalis, even in the cold, yielding various 
compounds which are fully described below. 


Dihydrazone of Ethyl Dimethyldiacetylpimelate , 
^HPhlCMe-CMeCCOOEtJ-CCHJj-CMeCCOOEtJ-CMel^HPh. 

Ethyl dimethyldiacetylpimelate combines readily with phenylhydr- 
azine (2 mols.) yielding the dihydrazone, with elimination of water. 
The dihydrazone is easily prepared by heating the ethereal salt (5 
grams) with a slight excess of the theoretical quantity of phenyl- 
hydrazine (4 grams), first at 100° for three hours, and then at 120° 
for 15 minutes. The product is dissolved in ether, the solutiou 
filtered from a trace of a crystalline compound (referred to below), 
washed repeatedly with very dilute hydrochloric acid, then with 
water, dried, and evaporated, when the dihydrazone remains as a 
reddish-yellow oil. Two samples of this oil, prepared from different 
samples of ethyl dimethyldiacetylpimelate, were kept over sulphuric 
acid under reduced pressure for 36 hours, and then analysed with the 
following results:— 

I. 0*3592 gram substance gave 32*95 c c. of nitrogen, measured 
at Il u under a pressure of 745 mm. 

II. 0*2956 gram substance gave 27*3 c.c. of nitrogen, measured at 
13° under a pressure of 745 mm. 
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Calculated for 

C39H40N4O4. 

S’. 11*0 per cent. 


Pound. 


I 

107 


n. 


107 per cent. 


This dihydrazone is a reddish-yellow, very viscous oil; it seems to 
undergo gradual decomposition if kept oyer sulphuric acid. It is 
insoluble in water and soda, and only very sparingly soluble in con¬ 
centrated hydrochloric acid, but it dissolves freely in concentrated 
sulphuric acid, and is miscible with alcohol, ether, glacial acetic acid, 
&c., in all proportions. 

The crystalline compound just referred to was obtained in both 
preparations of the dihydrazone, although quite different samples of 
the ethereal salt were employed; the quantity produced from 8 grams 
of the ethereal salt is only about 0*1 gram, if as much, so that we 
were unable to determine its composition; its formation is probably 
due to the presence of a trace of impurity in the ethyl dimethyldi- 
acetylpimelate. On adding ether to its alcoholic solution, it is de¬ 
posited in colourless, lustrous plates which begin to turn brown at 
180°, and decompose completely at 200°; it is practically insoluble in 
ether and cold benzene, hut moderately easily soluble in acetone and 
hot water, and readily in alcohol. Its aqueous solution gives no 
coloration with ferric chloride, and, as far as could be ascertained 
with the small quantity at our disposal, it does not give any reactioil 
with nitrous acid. 

It has been shown by Knorr (Annalen, 238 , 200) that dialkyl 
derivatives of ethyl acetoacetate and ethyl benzoylacetate, like the 
simple ethereal salts themselves, can be converted into pyrazolone 
derivatives; it seemed probable, therefore, that a dipyrazolone de¬ 
rivative, of the constitution ? ^^^ e >0Me‘[CH 2 ] 3 '0Me<^^ c 

NTPh-CCT L J ^CO-PliN 

would he obtained on heating the dihydrazone described above. 
Several attempts were made to bring about tbis change, but without 
success; when the dihydrazone is heated at 160—180°, or at even 
higher temperatures, it darkens in colour, but otherwise seems to be 
unchanged, and the evolution of alcohol cannot be observed; the 
residual oil resembles the dihydrazone in properties, is readily and 
completely soluble in ether and other organic solvents, and shows 
no signs of crystallising, even when-cooled to 0°. 


Bye-products obtained in the Preparation of Ethyl Dimethyldiacetyl - 

pimelate . 

The bye-product which is obtained in preparing ethyl dimethyldi- 
acetylpimelate is an almost colourless oil with a pleasant, fruity 
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odour; it seems to consist of a mixture of ethyl mcthylallylaceto- 
acetate and regenerated ethyl methylacetoaeetate, these two com¬ 
pounds being probably produced in the following manner:— 

CH 3 *C0-CMeNa*C00Et + CH 2 Br-CH 2 *CH 2 Br = 

COOEt-CAcMe-CH 2 -CH 2 -CH 2 Br + NaBr. 

COOEt-CAcMe-CH 2 *OH 2 *CH 3 Br + OH^CO-OMeKa-OOOEt = 
OOOEt-CAcMe*CH 3 -GH:CH 2 + CHa-CO-CHMe-GOOEt + NaBr. 

The quantity of this bye-product, separated from the ethyl di¬ 
methyldiacetylpimelate either by distilling with steam or by frac¬ 
tional distillation, is about 50 per cent, of the original oil. It 
rapidly decolorises bromine-water, and reduces alkaline solutions of 
potassium permanganate in the cold, reactions which indicate the 
presence of an unsaturated compound, such as ethyl methylallyl- 
acetoacetate; its alcoholic solution gives with ferric chloride the 
same violet coloration as is produced with ethyl methylacetoaeetate. 
All attempts to isolate the allyl derivative by fractional distillation 
were unsuccessful, although a liquid can be obtained which does not 
give a reaction with ferric chloride; it is possible, however, to 
obtain from the mixture a small quantity of pure ethyl methyl - 
acetoacetate, as is shown by the following analysis of a fraction 
collected between 185° and 187°:— 

I. 0*2364 gram substance gave 0*5067 gram C0 2 and 0*1780 gram 
H a O. 

II. 0*2044 gram substance gave 0*4354 gram C0 2 and 0*1526 gram 

H 2 0. 


Pound. 

Calculated for ,-*-* 

o 7 h,a* i- ii. 

0. 58*3 per cent. 58*4 58*1 per cent. 

H. 8*3 „ 8*4 8*3 

0. 33*4 „ 33*2 33C 


JSthyl aaf-Dimethylpimelaie, COOEt‘CHMe*[CH 2 ] 3 'OHMe - COOEfc. 

In one of the earlier experiments on the px*eparation of ethyl 
dimethyldiacetylpimelate, it was found that on fractionating the crude 
product, obtained by the interaction of ethyl sodiomethylacetoacetato 
and trimethylene bromide, under reduced pressure (55 mm.), practi¬ 
cally the whole passed over below 190°, a considerable quantity boiling 
constantly at 178—180°. As in previous experiments, about 50 per cent, 
of tbe crude product passed over at a temperatnre above 200°, and as, 
moreover, the boiling point of ethyl dimethyldiacetylpimelate had 
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■been found to "be about 235° (55 mm.), it was clear that the reaction 
bad not taken the usual course. 

The experiment was, therefore, repeated under exactly the same 
conditions, but with the same result; practically the whole of the 
crude product passed over below 200° (55 mm.), a large quantity- 
boiling constantly at about 180°, and, seemingly, not a trace of ethyl 
dimethyldiacetylpimelate had been produced. 

In both operations the portions of the oil passing over between 
175° and 182° were collected separately; each of these fractions was 
again distilled under the same pressure (55 mm.), and the portions 
boiling constantly at 178—180° collected separately. The two pre¬ 
parations were colourless, had a neutral reaction, and, on analysis, 
gave the following results:— 

I. 0*1854 gram substance gave 0*4325 gram C0 2 and 0*1653 gram 

H2O. 

II. 0*1785 gram substance gave 0*4160 gram C0 2 and 0*1556 gram 

H*0. 

Calculated for Pound. 

Ci-HjjsOb. Ci 3 H S4 0 4 . I. IT. 


C .. 62*19 63*93 per cent. 63*62 63*46 per cent. 

H. 8*53 9*83 „ 9*90 9*69 

0. 29*28 26*24 „ 26*48 26*85 


It will be seen that these results agree well with those required by 
a compound of the composition CnH^Oa, but differ widely, especially 
as regards the percentage of hydrogen, from those required by ethyl 
dimethyldiacetylpimelate, CnH^Oe- Although the new compound 
boils at a considerably lower temperature than ethyl dimethyldiacetyl¬ 
pimelate, its boiling point is much higher than that of any simple 
disubstituted ethyl acetoacetate which could have been produced 
under the conditions employedit seemed probable, therefore, that it 
had been formed from ethyl dimethyldiacetylpimelate by some 
secondary reaction, this view being supported by the fact that the 
same bye-products are obtained as wben the reaction takes its usual 
course. On further examination, it was found that the compound in 
question is converted, on hydrolysis, into a crystalline acid which has 
the composition C 9 H 16 0 4 ; it was assumed, therefore, that the neutral 
substance is ethyl dimethylpimelate, and the acid aa'-dimethylpimelic 
acid, COOH*OHMe*[CH 2 ] 3 *CBCMe*COOH. This assumption was sub¬ 
sequently proved to be correct by the fact that the acid of the com¬ 
position C 9 H 16 04 is identical with the aa'-dimethylpimelic acid which 
is formed by the hydrolysis of ethyl dimethyldiacetylpimelate in the 
manner described below. 
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It was observed, in later experiments, that when ethyl sodiomethyl- 
acetoacetate is treated with trimethylene bromide in absolute alcoholic 
solution (Kahlbaum’s 99*8 per cent, alcohol), ethyl dimethyldiacetyl- 
pirn elate is formed, together with the compounds of lower boiling 
point referred to above, but seemingly no ethyl dimethylpimelate is 
produced; when, however, methylated spirit which has been simply 
distilled over caustic lime three or four times is employed, the pro¬ 
duct contains large quantities of ethyl dimethylpimelate and com¬ 
pounds of lower boiling point, but no appreciable quantity of ethyl 
dimethyldiacetvlpimelate. It would seem, then, that the formation 
of ethyl dimethylpimelate is due to the partial decomposition of the 
ethyl dimethyldiacetylpimelate by the very small quantity of soda 
which is present in solution when the alcohol employed is not an¬ 
hydrous ; assuming this to be the case—and as far as our experiments 
go there is no reason to doubt it—the formation of ethyl diraethyl- 
pimelate in this way is an interesting example of the instability of 

the atomic complex CHi'CO'O-OOOBfc, the acetyl group being 

eliminated, whilst the C’COOEt group remains unchanged. 

Ethyl dimethylpimelate is a colourless, mobile oil, specifically 
lighter than water; it has a pleasant, sweet smell, but its vapours 
are irritating and suffocating. It boils at 190—191° under a pressure 
of 80 mm., and at 178—180° under a pressure of 55 mm.; it distils 
under the ordinary atmospheric pressure seemingly without decom¬ 
position, but it is not volatile with steam to any appreciable extent. 
It is miscible with alcohol, ether, <fcc., in all proportions, but is only 
sparingly soluble in hot, and insoluble in cold, water. 

aa!-DimetJiylpimelic Acid, COOH-OHMe-[CHJ 8 -CHMe-COOH. 

Dimethylpimelic acid is formed, together with dimethylaeetyl- 
caproic acid and dimethyldiacotylpentane, when ethyl dimothyl- 
diacetylpimelate is decomposed with alkalis; it was first prepared in 
a crystalline condition from the ethyl salt just described. In inves¬ 
tigating the liquid (b. p. 178—180°; 55 mra.) which was obtained 
in some experiments in the place of ethyl dimethyldiacetylpimelate, 
it was found that it is quickly decomposed by boiling alcoholic 
potash; on evaporating the alcohol and treating the residue with 
water, a clear solution was obtained, but on acidifying, a small quantity 
of an oily product was precipitated; the solution was extracted with 
ether, and the dried ethereal extract evaporated, when there 
remained a yellowish, strongly acid syrup. This product was kept 
for about 24 hours over sulphuric acid aud then analysed, with the 
following results:— 



578 


KIPPING AND MACKENZIE: 


I. 0*2694 gram substance gave 0*5668 gram CO> and 0*2096 gram 
H*0. 

II. 0*1604 gram substance gave 0*3386 gram C0 3 and 0*1236 gram 

HA 


Pound. 

Calculated for f -^ 

C q H 16 0 4 . I. II. 

0. 57*44 per cent. 57*58 57*57 per cent. 

H. 8*51 „ 8*64 8*56 

0 . 34*04 „ 33*78 33*87 


Although the analytical results agreed well with those required by 
a compound of the composition C g HiA> the crude product was of a 
yellowish colour, and seemingly impure; as it showed no signs of 
crystallising even when kept at 0° for some time, it was distilled 
under reduced pressure (53 mm.); the thermometer rose at once to 
245° and the whole passed over between 245° and 255°, most boiling 
constantly at 250—251°. The fraction 250—251 c , which had betn 
collected separately, showed signs of crystallising after being kept 
for a few hours over sulphuric acid, and, on rubbing, the whole 
solidified to a colourless, crystalline mass; the solid compound was 
spread on a porous plate to free it from traces of oil, and then 
analysed, with the following results:— 

I. 0*1749 gram substance gave 0*3668 gram 00 2 and 0*1892 gram 

HA 

II. 0*1628 gram substance gave 0*3414 gram C0 3 and 0*1277 gram 

HA 


Found. 

Calculated for ,-*-, 

C 9 H J6 0 4 . I. II. 

0. 57*44 per cent, 57*19 57*19 percent. 

H. 8*51 „ 8*84 8*71 

. 0. 34*04 „ 33*97 34*10 


These analyses show that the compound has the composition 
CsHjfiOi; its method of formation led us, for the reasons stated 
above, to assume that it is aa'-dimethylpimelic acid; this view was 
proved to be correct by the fact that the compound is identical with 
the dicarboxylic acid obtained on hydrolysing ethyl dimethyldiacetyl- 
pimekite. 

out Dimethylpimelic acid, which has been previously purified by 
crystallising it twice from a mixture of benzene and carbon bisulphide,’ 
separates from hot light petroleum in well-defined twin prisms, but 
the impure acid is by no means easy to obtain in well-defined 
crystals. It is very readily soluble in cold benzene, ether, alcohol, 
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chloroform, acetone, warm water, and hot carbon bisulphide, but 
only very sparingly in hot, and almost insoluble in cold, light 
petroleum; it is best obtained in crystals by dissolving it in hot light 
petroleum, or in a mixture of benzene or carbon bisulphide and 
light petroleum, and allowing the solution to cool slowly, but even a 
trace of impurity seems to prevent crystallisation; the slightly 
impure acid separates as an oil from all the solvents mentioned above 
even when the solutions are allowed to evaporate spontaneously, and 
it is also precipitated as an oil on adding light petroleum to a solu¬ 
tion in benzene cooled to 0°. Although it does not crystallise readily 
from solvents, the oil itself solidifies moderately quickly oven when 
slightly impure. The pure acid melts at 80—81°, boils at 250—251° 
under a pressure of 53 mm., and at 260—262° under a pressure of 
75 mm., seemingly without decomposition; it is not volatile with 
steam to any appreciable extent, and its vapours have a sweet smell, 
recalling that of honey. It dissolves in concentrated sulphuric acid, 
yielding a colourless solution; when heated with phosphoric an¬ 
hydride at a moderately high temperature, it yields an oil, having a 
strong turpentine-like odour; this reaction will be further inves¬ 
tigated by one of us. 

The silver salt, CgH^OjAg*, was prepared by precipitating a 
neutral solution of the ammonium salt with silver nitrate; tho 
colourless precipitate was washed well with cold water and dried, 
first on porous earthenware, and then at 100°. A silver determina¬ 
tion gave the following result:— 

0*2457 gram substance gave 0*1316 gram silver. 

Calculated for 

CgH^OgAgS' Found. 

. • 53*66 per cent, 53*56 per cent. 

The barium salt, CoHuO^Ba, was also prepared by boiling an 
aqueous solution of the acid with oxcess of barium carbonate; on 
evaporating the filtered solution at 100°, there remained a colourless, 
vitreous mass, which could not bo obtained in crystals by evapo¬ 
rating its aqueous solution over sulphuric acid. The salt was, there¬ 
fore, dissolved in a little water, and the solution mixed with methyl 
alcohol, when a colourless, amorphous powder was precipitated; a 
barium determination, made with a portion of this powder dried at 
100°, gave the following result:— 

0*1660 gram substance gave 0*1184 gram barium sulphate. 


Calculated for 

C 9 H 14 0 4 Ba, Found. 

Ba..,. 42*4 per cent. 41*9 per cent. 

VOL. lix. 2 s 
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The ammonium salt is obtained in colourless crystals on adding 
ether to an alcoholic solution of the dry salt, and then evaporating 
over sulphuric acid; it is readily soluble in water and alcohol. 

In moderately concentrated aqueous solutions of the ammonium 
salt, mercuric chloride produces a yellowish, granular precipitate 
seemingly insoluble in hot water ; ferric chloride gives a light-brown, 
and copper sulphate a light bluish-green precipitate, both compounds 
being insoluble, or only very sparingly soluble, in hot water. The 
zinc, lead, and calcium salts are readily soluble in cold water, and no 
precipitate is produced on adding solutions of these metallic salts to 
a solution of the ammonium salt. 

The electrical conductivity of the acid was very kindly determined 
for us by Dr. J. Walker, who gave the following account of his 
experiments. “ The dissociation constant for the electrical conduc¬ 
tivity of dimethylpimelic acid at different concentrations is K = 
0*00390 ; as might be expected, this acid is stronger than pimelic acid, 
which gives K = 0*00357.” 

Hydrolysis of Bthyl Dimethyldiacetylpimelate. 

Ethyl dimethyldiacetylpimelate is readily decomposed by alkalis 
yielding, as is usually the case with compounds of this nature, both 
acid and neutral products; the principal compounds obtained in this 
way are dimethylpimelic acid, dimethylacetylcaproio acid, and di- 
methyldiacetylpentane, the formation of which may be represented 
by the following equations:— 

(1.) COOEt-CMeAc-[OH 3 ] 3 -CMeAc*OOOEt -I- 4KOH = 

OOOK*CHMe-[OHJ 3 -CHMe*OOOK 4- SOsHsO.K + 2C 2 H 5 -OE. 

(2.) OOOEt-OMeAc*[CH 3 ]a , OMeAc*COOEt 4- 4KOH = 
CHMeAc-[CH s ]^CHMe-COOK 4- C.HAK + 2C 3 H a -OII 

+ KsCOa. 

(3.) COOEt«CMeAc-[CH 3 ]*-CMeAc-COOEt 4* 4KOH = 

CHMeAc- [CH 3 J 3 ’CHMeAc + 2K 3 C0 3 4- 2C a H 6 -OH. 

The relative yield of acid and neutral products depend**, to a con¬ 
siderable extent, on the conditions under which hydrolysis takes 
place; as our principal object was to prepare the diketone, various 
experiments were made, in order to determine in what manner the 
best yield of this compound could he obtained. For this purpose, the 
behaviour of the ethereal salt with (1) barium hydroxide, (2) a 
mixture of glacial acetic acid and sulphuric acid, (3) cold concentrated 
potash, (4) hot moderately dilute potash, was investigated, in the 
following manner:— 
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(1.) When the crude ethyl salt (10 grams) is mixed with a concen¬ 
trated aqueous solution of barium hydroxide (30 grams), and the 
mixture heated to boiling, a colourless barium salt separates from the 
solution, and the oil disappears completely in the course of three to 
four hours; on acidifying with hydrochloric acid, slight effervescence is 
observed and only a trace of oil is precipitated, brat on extracting the 
solution five times with ether and evaporating the dried extract, there 
remains a yellowish oil (5*5 grams), which is readily and completely 
soluble in alkalis. The analysis of this crude acid product gave 
results agreeing with those required by a mixture of dimetliylpimelic 
acid and dimethylacetylcaproic acid. It seems, therefore, that di¬ 
methyl diacetylpentane is not formed on hydrolysing ethyl dimetbyl- 
diacetylpimelate with aqueous barium hydroxide; for this reason, the 
reaction was not further investigated. 

(2.) As many ethereal salts of ketonic acids are decomposed by 
acid hydrolysing agents in such a way that the ketone decomposition 
predominates, it seemed probable that this would also be the case 
with ethyl dimethyldiacetylpimelate. The following experiment 
showed, however, that the diketone is not produced in any quantity 
nnder the conditions employed. The ethereal salt (10 grams) was 
dissolved in glacial acetic acid (20 grams), a mixture of concentrated 
sulphuric acid (5 grams) and water (5 grams) added, and the solution 
heated to boiling; evolution of carbonic anhydride quickly sets in, 
and continues for some hours, the solution darkening considerably in 
colour. On adding water and distilling with steam, a small quantity 
of an oil, having a strong odour of turpentine, collects in the receiver, 
but the principal product is a thick, dark-purple liquid, which is 
not volatile with steam; these two products were not examined, it 
being evident that the above method is not suitable for the prepara¬ 
tion of dimethyldiacetylpeutane. 

(3.) The action of cold concentrated alcoholic potash on the ethereal 
salt was next investigated, as it was thought that in this way we 
might obtain dimethyldiacetylpimclic acid, in accordance with the 
equation 

COOEt*CMeAc*[CH 2 ] 3 * CMe Ac* CO OEt + 2KOH = 

COOK-CMeAc-[CH 3 ] 3 -CMeAc*COOK + 2C*H fi -OH. 

This acid wonld probably be decomposed on heating at a suitable 
temperature, with evolution of carbonic anhydride, yielding tlie 
theoretical quantity of dimethyldiacetylpeutane. 

The experiment was carried out as follows:—A solution of potash 
(60 grams) in a small quantity of dilute methyl alcohol was mixod 
with the ethereal salt (32 grams) in the cold, and the solution kept 
at the ordinary temperature for about two days. The alcohol was 
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then evaporated over sulphuric acid, tlie residue dissolved iu water, 
the solution filtered from a trace of oil and carefully acidified with 
dilute sulphuric acid; no precipitate having been produced, the 
solution was extracted 12 times with ether and the dried extract 
evaporated, when there remained a large quantity (24 grams) of a 
yellowish oil. Analyses of this crude product gave results differing 
very considerably from those required by dimethyldiacetylpimelic 
acid, so that it would seem that simple hydrolysis does not take place 
under the above conditions; the behaviour of the product shows, 
however, that it contains considerable quantities of dimethylacetyl- 
pimelie or dimethyldiacetylpimelic acid. When it is heated at 200°, 
carbonic anhydride is evolved, and there remains a brown oil, which 
is only partially soluble in sodium carbonate; the insoluble oil was 
found, on analysis, to consist of slightly impure dimethyldiacetyl- 
pentane; the soluble portion is a mixture of dimethylpimelic acid and 
dimethylacetylcaproic acid, from which the former can be isolated 
without much difficulty. As the yield of impure diketone is only 
8 grams from 32 grams of the ethereal salt, and as, moreover, the 
process is rather troublesome to carry out, further experiments were 
made, and finally the following method was adopted for the prepara¬ 
tion of dimethyldiacetylpentane. 

(4.) Crude ethyl dimethyldiacetylpimelate (120 grams), prepared 
as described above (p. 572), is mixed with a little alcohol, the mix¬ 
ture heated to boiling in a flask provided with a reflux condenser, and 
a moderately dilute, hot solution of potash (80 grams) in dilute 
alcohol slowly dropped in; as soon as the whole of the potash has 
been added, the alcohol is distilled off, the residue mixed with water 
to dissolve the potassium salts, and the ketone extracted with ether. 
On evaporating the ethereal solution, previously dried over anhydrous 
potassium carbonate, the crude ketone remains as a yellow oil. The 
quantity of this ernde product is, as a rule, about 32—36 grams, but 
unless the potash is added drop by drop, the yield is considerably 
diminished; in one experiment, for example, the ethereal salt (95 
grams) was hydrolysed with potash (70 grams), the alkaline solution 
being added in small quantities at a time, instead of drop by drop; 
the yield of crude ketone in this case was only 14 grams. The 
purification of the product is described under dimethyldiacetylpentane 
(p. 588). 

The alkaline solnbion from which the ketone has been ext meted 
with ether contains the potassium salts of dimethylpimelic acid and 
dimethylacetylcaproic acid; on acidifying with dilute sulphuric acid, 
the two acids are partially precipitated as a thick, yellow oil. The 
solution is repeatedly extracted with ether, the extract dried over 
calcium chloride and evaporated; the weight of the ernde acid mix- 
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lure obtained in this way from 120 grama of the ethereal salt is about 
50 grams when the yield of ketone is 32—3G grams; in the other experi¬ 
ment referred to above, 95 grams of the etheienl salt gave 45 grams 
of the acid mixture, the yield of ketone being only 14 grams. On 
distilling the crude acid mixture under reduced pressure, say 65 mm., 
it begins to boil at about 210°, and the thermometer rises gradually 
to about 260°; the highest fraction solidifies partially on keeping for 
some time, so that by repeating the process two or three times a con¬ 
siderable quantity of dimethylpimelic acid can be isolated in a 
crystalline condition. The lower fractions, on repeated distillation, 
give a liquid boiling constantly at 225—227° (65 mm.); a largo 
number of analyses have been made with samples of the liquid obtained 
in this way in different preparations, but the percentage of carbon 
found was invariably from 1 to 2 per cent, less than that required by 
dimethylaeerylcaproic acid, as is shown by the following examples:— 

I. Fraction boiling at 225—227° (65 mm.): 0*1776 gram substance 
gave 0*4135 gram 00 3 and 0*1550 gram H 2 0. 

II. Fraction boiling at 226—228° (70 mm.) : 0 2051 gram substance 
gave 0*4725 gram C0 2 and 0*1772 gram H a O. 


Found. 

Calculated for ( -»-^ 

CioHisOg. L II- 

C. 64*5 per cent. 63*5 62*8 per cent. 

H. 9*7 „ 9*7 9*6 

O . 25*8 „ 26*8 27*6 


These results lead to the conclusion that, in spite of the consider¬ 
able difference in boiling points, dimetliylacetylcaproic acid cannoc 
be completely freed from dimethylpimelic acid by fractional distilla¬ 
tion. Various means were tried to effect the complete separation of 
the two compounds, but at first without success ; the barium salts of 
the acids are both very roadily soluble in water, and most of the 
other metallic salts are amorphous, or readily soluble. It was also 
found that converting the impure dimetliylacetylcaproic acid into its 
methyl salt and fractionating the latter is of little use; tho acid 
regenerated from the purified methyl salt gives, as before, from 1 to 2 
per cent, of carbon less than the theoretical quantity. Later on it 
was observed that, on boiling a neutral solution of the ammonium 
salt of dimethylacetylcaproic acid, ammonia is evolved, and the solu¬ 
tion becomes strongly acid; if the boiling is continued for some 
time, and the solution then cooled, the acid is deposited as an oil. 
On treating a neutral solution of ammonium dimethylpimelate in 
like manner, ammonia is also evolved, but only slowly, and, on cool¬ 
ing, no separation of acid takes place; if, after the evolution of 
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ammonia is at an end, the solntion is warmed with soda, ammonia is 
again evolved. It is evident, therefore, that ammonium dimethyl- 
acetylcaproate undergoes complete decomposition on boiling its 
aqueous solution, whereas the salt of dimethylpimelic acid is simply 
converted into the ammonium hydrogen salt; this difference in 
behaviour affords an easy means of separating the two acids. For 
this purpose, the crude acid mixture, obtained by hydiolysing ethyl 
dimethyldiacetylpimelate, is dissolved in a slight excess of ammonia, 
and the solution boiled in a reflux apparatus until the evolution of 
ammonia ceases; after cooling, the dimethylacetylcaproic acid is 
extracted with ether, the residual solution then mixed with dilute 
sulphuric acid, and the dimethylpimelic acid extracted by repeatedly 
shaking with ether. The crude mixture is in this way separated 
into two approximately equal portions, sometimes the one, sometimes 
the other, acid being present in rather larger quantity. 

Acidy OHMeAcfCHaja'OHMe’OOOH. 

The crude dimethylacetylcaproic acid obtained in the manner just 
described seems to be tolerably pure; when distilled under a pres¬ 
sure of 68 mm., about 90 per cent, of the oil boils constantly at 
224.° Analyses of the portion boiling at 224° gave the following 
results:— 

I. 0*1637 gram substance gave 0*3845 gram C0 2 and 0*1440 gram 

H*0. 

II. 0*1916 gram substance gave 0*4507 gram OO z and 0*1705 gram 

HjO. 


Found. 

Calculated for ,-*-^ 

O 10 H ie O 3 . I. II. 

C. 64*51 per cent. 64*06 64*15 per cent. 

H. 9*68 „ 9*77 9*88 

O. 25*81 „ 26*17 25*97 


These analytical results are considerably better than those obtained 
with other preparations of the acid, and there is no doubt that the 
method of separation just described gives a much purer product than 
can be obtained by fractional distillation alone. The slightly low 
percentage of carbon obtained on analysis seems to be due to two 
causes: firstly, the acid is hygroscopic; and, secondly, it seems to 
undergo slight decomposition on distillation, even under greatly 
diminished pressure. That it is free from dimethylpimelic acid was 
proved by estimating the quantity of potash required to neutralise 
the acid; dimethylacetylcaproic acid being monobasic, and dimethyl¬ 
pimelic acid bibasic, and the two compounds having practically the 
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same molecular weight, the presence of even 1 per cent, of tlio latter 
would greatly influence the result:— 

0*2243 gram acid, dissolved in water, required 12*2 c.c. KOIi 
(1 c.c. = 0-005573 gram KOH), phenolpbthalein being used as 
indicator. 

Calculated for C 10 H 18 O 3 . Found. 

KOH ...... 0-06753 gram. 0*06799 gram. 

Dimethylacetylcaproic acid is a colourless, odourless, moderately 
mobile oil; its yapours have an irritating and pungent odour recall¬ 
ing that of burnt fat. Tt boils at 215—217° under a pressure of 
45 mm, and at 226—228° under a pressure of 70 mm., seemingly 
with slight decomposition; it does not solidify when cooled to 0 C . 
It is only sparingly soluble in cold, but more readily in hot water, 
and is miscible with most ordinary solvents in all proportions. It is 
hygroscopic; on leaving about 0*2 gram of the acid exposed to the 
air for a few minutes on a watch-glass, a gain in weight of about 
1 | milligrams is observed. It reduces Fehling’s solution on warming, 
and combines readily with hydroxylamine. 

The silver salt, CioHi 7 0 3 Ag, was prepared by dissolving the acid in 
a slight excess of ammonia, boiling the solution until neutral, then 
filtering from a trace of oily impurity, and precipitating with silver 
nitrate; the colourless precipitate was washed by decantation, spread 
on porou 3 earthenware, and then dried for 18 hours over sulphuric 
acid. A. silver determination gave the following result:— 

0'2808 gram substance gave 0*1031 gram silver. 

Calculated for CjoHj 7 0 3 Ag» Found. 

. .. 36'79 per cent. 36*72 per cent. 

Silver dimethylacetylcaproate is a colourless, amorphous compound, 
only sparingly soluble in boiling water, from which, on cooling, it is 
deposited in peculiar web-like forms; it seems to undergo slight 
decomposition on prolonged boiling with water, and it darkens on 
exposure to light. 

The ethyl salt, C 12 H 23 O 3 , was obtained by dissolving the pure acid 
in absolute alcohol (3—4 vols.), gradually adding concentrated 
sulphuric acid (I vol.), and keeping the mixture for six hourB at the 
ordinary temperature 5 on adding water to the slightly brown solu¬ 
tion, the ethereal salt is precipitated as an oil, and can be easily 
isolated in the usual manner. On distilling the product under a 
pressure of 70 mm., the thermometer rose at once to 180°, and prac¬ 
tically the whole boiled constantly at 182—183°; the analysis of the 
fraction boiling at 182—183° gave the following result:— 
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0 2115 gram substance gave 0*5189 gram CCK and 0*1902 gram 

H 2 0. 

Calculated for C ls H , 33 0j. Found. 


C. 67*29 per cent. 66*91 per cent. 

H. 10 28 „ 10*30 

O . 22*43 „ 22*79 


Ethyl dimethylacetylcaproate is a colourless, mobile liquid with a 
pleasant, sweetish smell, but its vapours are rather irritating; it 
boils at 182—1S3° (<0 mm.), and under the ordinary atmospheric 
pressure at about 250°, seemingly without decomposition. It is 
insoluble, or only very sparingly soluble, in water, but miscible with 
alcohol, ether, &c., in all proportions. 

The methyl salt was also prepared, but from a sample of the acid 
which had been purified by fractional distillation only; although the 
product boiled very constantly at 180—181° under a pressure of 
95 mm., it did not give satisfactory results on analysis, probably 
owing to the presence of methyl dimethylpimolate. 

The barium, calcium, and zinc salts are readily soluble in water; 
in moderately concentrated neutral solutions of the ammonium salt, 
mercuric chloride produces a colourless, granular precipitate, insolu¬ 
ble in water, and ferric chloride a dirty-yellow precipitate which 
decomposes on warming. 


jDme^yZ(mWdocaprotcJ.ctdZ,OH , N!CMe*CHMe*[OH2]3 , OHMe , COOH. 

This compound was prepared by treating pure ethyl dimethyl- 
acetylcaproate (5 grams) with hydroxylamiue hydrochloride (3 grams) 
and potash (4 grams) in dilute alcoholic solution; after keeping for 
two days at the ordinary temperature, the alcohol was distilled off, the 
residue dissolved in water, and the solution rendered slightly acid 
with dilute hydrochloric acid; the oxime, which is precipitated as an 
oil, was extracted with ether, and the dried ethereal solution eva¬ 
porated. A nitrogen determination was made with a portion of the 
product which had been kept for some time over sulphuric acid under 
reduced pressure, with the following result:— 

0*2526 gram substance gave 14*9 c.c. of nitrogen, measured at 14° 
under a pressure of 750 mm. 

Calculated for C l0 H 19 NO 3 . Found. 

N"....... ♦. 6*96 per cent. 6*84 per cent. 

Dimethyloximidocaproic acid is a very thick, yellowish oil with a 
pleasant fruity odour. It is only sparingly soluble in hot, and 
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almost insoluble in cold water, but soluble in sodium carbonate, soda, 
and dilute hydrochloric acid; it dissolves freely in alcohol, ether, 
benzene, &c., but is practically insoluble in light petroleum. 

clcC -D imethylpimeUc Acid . 

The acid which remains in solution as the ammonium hydrogen 
salt on boiling an ammoniacal solution of the crude acid mixture 
obtained by the hydrolysis of ethyl dimethyldiacetylpimelate (compare 
pp. 583—564) is, as has been stated above, aa'-dimethylpimelic acid. 
After extracting the free dimethylacetylcaproic acid, the clear aqueous 
solution is mixed with excess of dilute sulphuric acid, repeatedly 
shaken with ether, and the dried ethereal extract evaporated, when 
there remains a thick, yellow oil. Pure dimethylpimelic acid can bo 
easily obtained from this crude product by fractional distillation 
under reduced pressure (50 mm.) ; the portion boiling at 245—255°, 
usually about 70 per cent, of the whole, gradually solidifies on keep¬ 
ing or when rubbed with a crystal of the pure acid, and is then 
spread on porous earthenware. 

A sample of the acid obtained in this way was titrated with potash, 
phenolphthalem being used as indicator; the result showed that the 
product is pure and free from dimethylacetylcaproic acid. 

0*1814 gram substance, dissolved in water, required 20 c.c. of 
KOH (1 c.c. =?= 0*005573 gram KOH). 

Calculated for. Pound* 

KOH required.. 0*1120 gram. 0*1115 gram. 

An analysis of the acid gave the following result 

0*1583 gram substance gave 0*3338 gram CO* and 0*1226 gram 
H*0. 

Calculated for 0<jH l6 0 4 . Pound. 


O. 57*44 per cent. 57*50 per cent. 

H. 8*51 „ 8*60 

O . 34*04 „ 33*90 


The aa'-dimethylpimelic acid obtained from ethyl dimethyldiacetyl- 
pimelate is identical with the acid prepared from ethyl dimethyl- 
pimelate in the manner previously described (p. 576); this fact shows 
that the lagt-named ^compound has the constitution assigned to it 
above. 

QH 3 «0O*0HMe« [0Ha]/0HMe*0O*0H 3 . 

The crude ketone obtained by the hydrolysis of ethyl dimethyl- 
diacetylpimelate as described above (p. 582) is by no means pure; 
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on distillation under reduced pressure, say 110 mm., about 40 per 
cent- of the crude product passes over below 180°, about 55 per cent, 
between 180° and 200°, and the remainder above 200°. The pure* 
compound can be isolated from the fraction boiling at 180—200° 
without much difficulty by fractionating again two or three times- 
under reduced pressure; this process is, however, attended with con¬ 
siderable loss, the yield of pure diketone being only about 40 per 
cent, of the crude product, that is to say, about 16 grams from 
288 grams of ethyl methylacetoacetate. 

The following results were obtained on analysing various samples- 
of the pure compound taken from different preparations. 

I. Fraction boiling at 191—193° (105 mm.): 0*1998 gram sub¬ 
stance gave 0*5230 gram C0 2 and 0*1952 gram H 2 0. 

II. Fraction boiling at 190—192° (100 mm.): 0*1810 gram sub¬ 
stance gave 0*4734 gram C0 2 and 0*1761 gram H a O. 

III. Fraction boiling at 202—204° (150 mm.) : 0*1471 gram sub¬ 
stance gave 0*3842 gram C0 2 and 0*1441 gram H 2 0. 


Calculated for 


^ 11 ^ 80 ^ 3 * 

C. 71*74 p. c. 

H. 10*87 „ 

0. 17*39 „ 


Found. 

«_ 


II. 

nf. 

71-38 

71-32 

71*32 p. o. 

10-85 

10-81 

10-88 „ 

17-77 

17-87 

17-89 „ 


Dimethyldiaceiylpentane is a colourless, mobile oil with a faint 
pleasant smell; it shows no signs of crystallising even when kept at 
0° for some time. It boils at 190—192° under a pressure of 100 mm., 
at 202—204° under a pressure of 150 mm., and when heated in small 
quantities it distils under the ordinary pressure, seemingly without 
decomposition; it is readily volatile with steam. It is specifically 
lighter than water, and only very sparingly soluble in hot water, but 
it is miscible with most ordinary organic liquids in all proportions. 
It does not combine with sodium hydrogen sulphite even when kept 
in contact with a concentrated aqueous solution of the salt for some 
days. 


OH‘IKCMe‘CHMe*[CBU] 8 -CHMe*CMe:N*OH. 

This compound -was prepared as follows:—The pure diVafawie - 
(4 grams) is treated, in dilute methyl alcoholic solution, with excess 
of hydroxylamine hydrochloride (6 grams) and a c onsid erable excess 
of potash (6 grams), the solution kept for two days at the ordinary 
temperature, and the alcohol then evaporated; the residue is di»_ 
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solved in water, the solution acidified with dilute sulphuric acid, and 
the oxime, which is precipitated as an oil, extracted with ether. On 
evaporating the dried ethereal solution, there remains an almost 
colourless oil which gradually solidifies to a mass of crystals; the 
crystalline product is first spread on porous earthenware, then dis¬ 
solved in benzene, and reprecipitated by adding light petroleum, 
when it is deposited in colourless, mioroscopic crystals. 

A nitrogen determination, made with a portion of the pure dioximo, 
gave the following result:— 

0*1164 gram substance gave 13 3 cc. of nitrogen measured at 
11° under a pressure of 740 mm. 

Calculated for Found. 

HT ... 13 08 per cent. 13*26 per cent. 

Dimethyldiacetylpentane dioxime crystallises from boiling water, 
in* which it is only sparingly soluble, in concentrically grouped 
needles, and from a mixture of benzene and light petroleum, in com¬ 
pact, microscopic crystals melting at 95—96°; it is readily soluble 
in cold benzene, ether, and alcohol, but insoluble, or only very spar¬ 
ingly soluble, in light petroleum. It dissolves freely in concentrated 
hydrochloric acid, but is only sparingly soluble in warm soda. 

Heriot Watt College , 

Edinburgh. 


LIII .—The Molecular Refraction and Dispersion of Various Substcmem 

in Solution . 

By Dr. J. H. Gladstone!, F.B.S. 

The present paper is a continuation of that which I had the honour 
of laying before the Chemical Society in March last (this vol, p. 290). 
It deals entirely with solid and gaseous substances dissolved in 
various liquids. 

The specific refraction of the solvent being known, and the strength 
and specific refraction of the solution being ascertained, it is easy 
to calculate what will be the specific refraction of the substance 
dissolved, provided the solvent does not exert any special chemical 
action on it. 

The following table comprises several organic substances on which 
I have made observations. The nature of the solvent and the pei* 

2 t 2 
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centage of the dissolved substance are given, together with the cal¬ 
culated results. The actual indices of refraction and the sp. gr. of 
the solutions are not given, as they would be of no value without the 
corresponding observations upon the solvents used, which would 
needlessly add to the bulk of the table, 


Table I. —Organic Substances . 


Substance. 

Formula. 

Sol- 

1 ent. 

P.c.of 
subst . 


Rd. 

B*. 

B n . 

Terpene hydrate.... 

0|(jBT 20 O 3 . 

alcohol 

17 -69 

87 *42 

88-28 

_ 

91-80 

Terpilene dihydro¬ 
chloride . 

CioHisCla • 

elh. ale. 


92*18 

93*18 

.. . 

96-45 

Camphor. 

c 10 h 16 o .. 

alcohol 

45 '18 

73-61 

74-32 

— 

76-98 

Sromocamphor .... 

OioKifrBrO. 

« 

10*62 

87-87 

87-90 

— 

92-88 

Camphoric acid .... 

^10^16^4 •• 

>» 

39 -81 

82*84 

83-74 

— 

86;66 

Benzyl-camphor .... 

Ci-HssO • • 

toluene 

6-6 

122 -83 

125 -69 

128-81 

132-62 

M J» .... 

Benzal-camphor .... 

,, 


9-3 

123 -34 

126-36 

127-69 

133 *05 


>» 

9-0 

128*27 

— 

186-67 

145-71 



99 

19*94 


134-85 

189 ‘26 

— 

99 99 • • • • 


99 


130-09 

183 -69 

138-19 

_ 

Menthol. .. 

• ■ 

benzene 

58*54 

79-15 


—- 

82 *64 

Phenyl ether . 

CjJHwO .. 

alcohol 

50-60 

89-64 

91-44 


98*39 

Dibenzyl .......... 

U14H14 .... 

benzene 

34-10 

102-80 

MtKgiffl 

iF/gr7iT 

112-83 

Cane-sugar. 

CjjHagOu.. 

water 

66-00 

118-65 

— 

121 -23 

123*38 

Milk-sugar. 

Glucose No. I ...... 


» 

12 -00 

121-41 

— 

123-98 

120-82 

OgHjjjOg .. 

»» 


63*18 

— 

01.-48 

65-68 

„ No. 2 . 


»» 

26 -44 

63-24 

— 

04-48 

65*59 

Mannite . 

CgH^Og .. 

H 

12-06 

66 *26 

67-29 

— 

68*84 


99 * • 

» 

12-94 

66*53 

— 

68*21 

69*06 

« .. 

91 ■ * 

99 

13-83 

66*46 

— 

67-90 

68-83 

» .. 

99 • * 

97 

16-38 

66-38 

67-33 

— 

68-87 

. 

99 

99 

15 *83 

65-88 

66-68 

67-37 

08-98 


The molecular refraction and dispersion of the foregoing substances 
are compared in Table II with the theoretical values as deduced from 
the refraction and dispersion of the elements given in my previous 
paper already referred to. 

It cannot be expected that there shall be anything like the same 
accordance between the experimental and calculated numbers, as is 
usually found in pure liquids; and in weak solutions the experimental 
error is greatly multiplied. Any discrepancy is proportionally 
greater in the molecular dispersion, as the numbers are smaller. 

There are some points in this table (next page) which seem worthy 
of special remark,, 

Terpens Hydrate and Terpilene Dihydrochloride ,.—The specimens of 
these two bodies were kindly lent me by Professor Tilden. That the 
hydrate is not simply terpene combined with water is rendered certain 















































DISPERSION OP VARIOUS SUBSTANCES IN SOLUTION. 591 


Table II. 


Substance. 

Formula. 

Experiment. 

. 

Theory. 

Ra. 

Rh—Ra* 

Ra 

Rja—R a, 

Terpene hydrate. 

^10^23^3 • • 

87'42 

4-08 

88-0 

3-95 

Terpilene dihydrcchloride .. 

^ 10 ^ 1801.2 • • 

92-18 

4-27 

93 ‘2 

4*32 

Camphor... 

CioITieO .. 

73-51 

3-47 

74-2 

3-42 

Bromoc&mphor . 

O 10 H„BrO. • 

87-87 

5-01 

88*2 

4-60 

Camphoric acid. 

OioHie^ • • 

82*84 

3-82 

83-2 

3*80 

Benzyl-camphor. 

C^O .. 

123-08 

9-75 

123-6 

7-88 

Benzal-camphor. 

C 17 H 20 O .. 

130-25 

17 ’44 

123-2 

8-60 

Menthol.. 

CioHaoO •. 

79 15 

3-49 

78-8 

3-50 

Phenyl ether. 

CmH 10 O •. 

89-54 

8-85 

89-6 

8-50 

Dibenzvl .. 

^14^14 .... 

102 -80 

10-03 

101’4 

9-00 

Cane-sugar. 

OjgHgaOn .. 

118-65 

4-73 

120*6 

5*26 

Milk-sugar... 

» • • 

121 -41 

5-41 

» 

2-72 

G-lucose No. 1 . 

CgH^Oe • • 

63-18 

2-50 

63-0 

» No. 2. 

* * 

63 *24 

2-35 

it 

M 

Mannite. 

0 6 H m 0 6 .... 

66-30 

2*62 

65*0 

2-72 


by its optical properties. It is no longer an nnsatnrated compound. 
The theoretical calculation is made for a supposed saturated O^H^O 
+ 2H 2 0, which agrees best with the experimental figures; but other 
views may be taken as to the manner in which the atoms of oxygen 
are combined. The dihydrochloride is also a saturated substance, as 
might be expected. 

Qcmrphor Growp *—Camphor is believed on chemical grounds to be a 
saturated compound; and the refraction and dispersion of itself, its 
bromine substitution compound, and its acid oxide prove this to be 
the case. Indeed, the experimental figures in the table, like those 
previously published, are slightly lower than the theoretical, so far as 
refraction is concerned. The benzyl- and benzal-camphor wore kindly 
placed at my disposal by M. Haller, of Haney, who said the crystals, 
especially of the second, were extremely refractive. In the table, the 
theoretical value is reckoned according to the formulae given me by M. 

~a co<g^. cji _ 

tively. It will be seen that while in the first compound the molecular 
refraction does not exceed that of the theory, the molecular dispersion 
does so by a large quantity. In the second compound, which only 
differs from the first by the loss of H a and the consequent double 
linking, both the refraction and the dispersion are vastly greater than 
can be accounted for; indeed, the dispersion is just about twice the 
calculated amount. I am informed that both these substances in sola- 
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tion exhibit molecular rotation, and that the benzal compound possesses 
about four times as much rotatory power as the other* 

Dibemyl .—This substance exhibits optical properties rather higher 
than'is warranted by the formula CeHs'CH^C^'CoHs, for which the 
theoretical values are calculated. 

Sugar Group ,—The optical properties are conclusive against the old 
supposition that these substances are carbohydrates, that is, they do 
not give the values warranted by the supposition that the (H 2 0) n are 
really so many molecules of water ; on the other hand, they give no 
support to the view that the sugars are unsaturated compounds. Taking 
the ordinary values for hydrogen and oxygen, and assuming that the 
sugars are saturated compounds, we get the figures given in the table. 


Table III .—Inorganic Acids. 


Add. 

Formula. 

Per cent, 
of acid. 

Ra. 

Rj), 

Ry, 

Ro. 

Eh. 

Hydrochloric... 

HC1. 

5*13 

14*99 

. 

15*52 

_ 

16*19 


a ■ * * * • 

8*67 

14*45 

— 

18-41 

— 

15-77 



10*42 

14-44 

— 

16-30 

— 

15-74 


» ••• • • 

11*48 

14-47 

— 

15 *10 

— 

15*61 

}> *•••••• 

» • • • • • 

14*93 

14*21 

14-64 

— 

— 

15-47 



16-71 

14-27 

— 

18-05 

— 

15*49 



20-82 

14*15 

— 

14*89 

— 

15-48 

,, «..•••• 

» •**«• 

25*40 

14*15 

— 

14*83 

— 

15*20 

9> 

» • ••* * 

28-73 

14*06 

— 

14-74 

_ 

15 *24 


» * • • • • 

81-20 

14*06 

— 

14-78 

— 

15*23 

,, ....... 

a • •«•. 

81-26 

13*98 

14*30 

14-67 

— 

15 *16 



86*09 

18*92 

— 

14*58 

— 

15 07 

drohromic . 

HBr . 

16-47 

20*66 

— 

22*05 

— 

23*20 

„ . 

„ ..... 

24*60 

20*45 

— 

21*65 

— 

22-49 

,, •••*... 

a . 

89-71 

20*13 

— 

21-25 

21-74 

22*26 


a • • • •• 

56*00 

19*97 

— 

21*06 

21*55 


>» 

tt * *. • * 

65*59 

19*70 

— 

20*77 

21*24 

... 

Hydriodic . 

HI . 

20*77 

31 *77 

61 *95 

31*87 

31*56 

30*94 

30*75 

30*62 


34*42 
33*87 
33 *27 
32 *96 
32*84 
21*87 


86-06 

35-97 

35-55 

85-16 



34*90 

34*46 

„ ********** 

)> •••••• 



77 *“•••• 

65 *10 



77 •••••• 

67 *02 



'Chloric . 

HCIO 3 !!! 

20*68 

21*08 

_ 


22-37 

„ ............ 

a • • • 

»t 

20*74 

— 

21*38 


21-87 

Perchloric . 

HC10 4 ... 

17-30 

19*86 

_ 

20*40 


20-92 

Iodic.. 

HIOg . • ■ • 

62-67 

33*19 

— 

34*93 


36-72 

Nitric. .. 

hno 8 .. .. 

43-10 

16*85 

— 

17*60 

_ 

18-21 


»> ■ • • • 

69-60 

16*39 

— 

16*99 


17-55 

** .. 

»> • • • • 

98-70 

16*22 

— 

16*76 

__ 

17-25 

Selenious . 

HaSeOg .. 

16-40 

26*39 

26*65 



27-76 

Seismic .. 

Metaphosphoric . 


9-86 

28-91 

24*60 

17*83 

25*76 

18*00 

— 

— 

26-11 

18*50 

» . 

a • ■* 

85-07 

17*99 

18*25 

_ 


18-73 

» • •• 

>» * • • 

88-83 

18*73 

19 00 

—"■ 

—■ 

19-53 
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Cane-sugar, as in specimens previously examined, shows a refraction 
and especially a dispersion rather smaller than might have been 
expected; milk-sugar and glucose* are more accordant with theory, 
whilst mannite, which is allied to the sugars, is a little high in 
refraction. If these differences are real they offer another means of 
investigating the rational constitution of this natural group of bodies. 

In Table III are given observations on aqueous solutions of inor¬ 
ganic acids 

In Table IY the molecular refraction and dispersion of these 
different acids are given as experimentally determined, and as cal¬ 
culated from the atomic refraction and dispersion of their constituent 
elements. 


Table IY. 


Acid. 

Formula 

Experiment. 

Theory. 


Ri£ ~ Ra 

Ba 

Rh — 

. 

HC1. 

13*92 to 14*99 

1*05 to 1*32 

11*2 

0*49 

Hydrobromic. 

HBr .... 

19-70 „ 20 -6C 

2*04 „ 2 *54 

16*6 

1-07 

Hydnodic.. 

Chloric. 

HI. 

HC10 3 ... 

80-62 „ 81-87 
20-91 

4*19 „ 4 61 
1*21 

25-8 

19-6 

2 64 
0-79 

Perchloric. 

hcio 4 ... 

19*86 

1*06 

22*4 

0*89 

Iodic. 

HID).... 

33 *19 

3*53 

34*2 

2*94 

Nitric.. 

HNOj ... 
HsSeO a .. 

16 *22 to 16 *85 

1*03 to 1*36 

15-4 

0*80 

Setamous. 

26*39 

1*37 

41*1 

— 

Satanic. 

H3&e0 4 .. 

24*60 

1*51 

43 *9 

— 

Metaphosphonc ... 

HPO* ... 

17 *83 to 18*73 

0*73 to 0*80 

28*6 

3*42 


It will be seen at once from the above table that the experimental 
numbers are greatly in excess in some instances, whilst in others the 
opposite is the case. 

Hy dr adds .—It was early rocognised that the molecular refraction 
of the hydracids in aqueous solution was decidedly higher than the 
sum of the lefraction of hydrogen and the halogen as determined 
from the paraffin compounds. This observation is now extended to 
the dispersion, where the comparative difference is even xnoro strik¬ 
ing. The same fact was observed by Perkin (Trans., 1889, 55, 702, 
&e.) in regard to the molecular maguetic rotation of these acids dis¬ 
solved m water; he also remarked that the rotation due to the acid 
was greater in a dilute than in a strong solution, and that, in fact, the 
molecular rotation increased with the dilution up to a certain point, 

* The specimens of glucose were supplied by Messrs. Hopkin and Williams as 
“dextrose” and “pure grape-sugar” j but it is unlikely they were ohemioally pure 
substances. 
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where it remained nearly constant. The preceding table shows that 
a similar gradual increase occurs also in the molecular refraction of 
each of the hydracids; it is evident also in the molecular disper¬ 
sion of hydrochloric acid, and apparently so in hydrobromic and 
hydriodic acids. 

There is still another point of resemblance between the optical and 
the magnetic effects. Perkin observed that the divergence of the 
experimental from the theoretical rotation was much greater with 
hydrobromic than with hydrochloric acid, and far greater still with 
hydriodic acid. The same holds good both with the molecular refrac¬ 
tion and molecular dispersion, though, as usual, the differences are 
wider in the case of the magnetic than in the case of the optical pro¬ 
perties. The actual numbers for this divergence are not given, 
pending a more careful consideration of the subject. I have reason 
also to think that the temperature somewhat modifies the result. 

Nitric Acid ,—The molecular refraction of nitric acid seems to be 
slightly increased by its union with water, as before observed. The 
molecular dispersion shows a more decided increase. In both cases, 
the optical effect is greater in the weaker solutions. 

Selenicms and Selenic Acids ,—The optical properties of these two 
adds, like those of the corresponding sulphur compounds, are vastly 
less than what would be expected on adding together the values of 
their constituents. 

Mekvphosphoric Add .—The same remark applies to this acid. This 
particular case, and others indicating the small refraction of high 
oxides, were referred to in my lecture on Refraction Equivalents 
before this Society in 1870. 

In the above table the lower value of oxygen is adopted, except in 
the case of nitric acid and metaphosphoric acid, in which one atom of 
oxygen is regarded as donbly linked. Of course other viows may be 
taken of the constitution of these bodies; but they will not materially 
affect the general conclusions. 

Table V .—Salts and Alkalis, 

The solvent is always water, except in the case of one determina¬ 
tion of ammonia, and the potassium ethylate, m which alcohol was 
employed. The tin protochloride solution contained also some hydro¬ 
chloric acid. The arrangement is alphabetical, for convenience of 
reference. 

The following table (next page) will afford data for the revision of 
the refraction equivalents of the different metals, and of the electro¬ 
negative elements with which they are combined. In such a revision it 
will be necessary to consider these observations in connection with those 
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Table V. 


Substance. 

Formula. 

i 

1 

P. c. of 
subst. 

Ra. 

Bj>. 

Bf. 


»H. 

A In-mininra ammo¬ 

nium alum ....... 

1 

(NB^s}* 80 ^ 4 

4*62 


__ 

_ 


112*06 

Aluminium sodium 







filnm_........ 

AlsNa 3 (S0 4 )4 . 
AIjCSO^j ... 

21*39 

97-17 



. 

100*34 

Aluminium sulphate 

26*93 

69*54 

70-78 

— 

71-78 

72-03 



27-35 


— 

— 

_ 

73 *27 

n 

a • • • 

28*03 

70*17 

— 

— 

— 

73*21 

Ammonia 

» •••••*••«• 

NH* . 

13 *40 

9-08 


9*36 


9*60 

9*42 

» . 

19*92 

8-90 

— 

9*19 



21*40 

9*09 


9*33 


9*58 

9*45 

» . 

.. 

33*40 

8*97 

— 

9*22 



34*80 

8*78 

. 

9*04 


9*29 

9*25 

24*59 

j» • •••••••*• 

„ (in ale.)... 

Ammonium formate. 


11*30 

8*80 



N^OHOj .. 

25 -54 

23*21 

23 *59 



„ chlorate. 

Nfl 4 C10 3 .... 

4*83 

30*45 

— 

31-71 

— 

33*31 


» .... 

4*53 

29*51 

— 

31*48 

— 

33-14 

it it 

»> .... 

21 *75 

28*75 

— 

29 *49 

— 

30*01 

„ perchlor- 

NH«CI04.... 

(NH 4 ) s S04... 

6*13 






ate. . 

WliEOl 


30*90 

, 

30*90 

41*53 

Ammonium sulphate 

33 *91 

39 *86 

— 

— 

„ dichrom- 








ate .. 

(NH 4 ) 2 Cr 2 0 7 - 

Ba01 a . 

10*32 

85*81 

90*66 

89-97 




Barium chloride .... 

24*17 

38 *94 



41-78 

„ chlorate .... 

Ba01 2 0 6 .... 

22-70 

54*09 

— 

55*35 

_ 

66-88 

19 99 • • • • 

99 .... 

23*75 

62*72 

53*36 

53*99 

— 

64-95 

„ formate .... 

Ba(CH0 2 ) 2 .. 

18*00 

a 

— 

_ 

—- 

43-04 

„ acetate ..... 

Ba (C2H3O2) 2 • 

36*90 

66*16 

56 99 

_ 


68-86 

Calcium chloride .... 

CaCl 3 . 

41*75 

32*22 

_, 

33*35 


34-46 

86-88 

47-67 

52-45 


77*36 ! 

31*45 

.. 

35*50 


„ bromide.... 

„ acetate .... 

CaBr». 

41*36 

43*50 
49 *84 

EBB 


Ca(C 2 H a Os)s- 

| 26*33 

.. . 

— 

Cerium chloride .... 

CeCl 3 . 

| 1S*84 

34-34 

34*98 

_ 


36-58 

99 99 •••• 

St ■•••••• 

13*42 ! 

34 30 

35-37 

__ 


37*54 

Chromium sulphate ,. 

Sff?*::: 

, 81*82 

82*40 

_ 

83*41 



Didymium chloride •. 

3*75 

38*3 

88 *3 



89-8 

„ nitrate ... 

DUNOs), ... 

1 9*48 

46*91 

46*96 


_ 

49*63 

^ „ sulphate. . 

DiHO,, . 

1 5*64 

32*9 

3J.-4 



85*2 

Ferric chloride . 

PoOl .. 

1 27*95 

7 90 

Egg 

52-64 

70-3 



. 

Iridium chloride .... 

IrGIi . 


. . 


Lanthanum chloride. 

LaCl 3 . 

2 *30 I 


37 *5 


— 

39*5 



1 3 *19 1 

37-4 

44-2 


. 


40*4 

46*6 

99 99 

39 nitrate •. 

La(N6a) 2 ... 

3-85 

14-7 



Lead acetate........ 

PbfC«H,0.^ 1 2d,-ft 

61*87 

66*44 

18*25 



70*24 

19*35 

Lithium nitrate. 

LiNO s . ... .. 

35-09 

17*87 

.. 


„ acetate.... 

L1C2H3O2 ... 

28*70 

23 *35 

_ 

— 

"""" 

24*70 

Magnesium iodide .. 
„ ' acetate.. 

Mgl a . 

61 75 
31-50 

60 *02 

62-28 

46-88 



MfcOaHgOJs 

46*25 

— . 

. 

48-69 

Potassium bromide • • 

TT'H-r* . 

35*09 





27-42 

40*23 

28*37 

„ iodide ... 

KI . 

59-74 

5-37 

86-88 

27-48 



„ chlorate.. 

KCIO3. 

, 

. 

„ nitrite ... 

KNO a. 

16-93 

18*57 

— 

19*37 

ml-Eb) 


99 »>•••• 

9i ...... 

28*20 

19*04 

19*34 

19*74 

20*01 

— 

99 99 • * • • 

it .. 

36*82 

18*83 

— 

19*00 


20*06? 

»» >»•••* 

it ••«•••• 

88 -50 

J8 *94 

— 

19 *03i 

■pBKI 

20*01? 
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Table V— continued. 


Substance. 



P.c.of 

subst. 

Ba. 


By. 

B„. 

i 

K£ 0 4 . 

7-13 

33*4 

33*8 

B 

B 

1 J» *. 

» 

32-1 

32*2 


■9 

Sje 0 4 . 


31*6 

32-7 

■ 

E9 

15*21 

36*21 

36-76 


mm 

RHO. 

49-50 

12-60 

12-82 

H — 

B9 

RON. 

1 

33-20 

17-14 

— 


B 

^AuOjN, ... 

7-09 

50-5 

52*1 

— 

— 

3iL 3 QoCg]Sr$ ... 

16-12 

100-11 

101-94 

— 

— 

tcjs 6 so 4 .. 

27-28 

41-59 

42*02 


—- r 

KCHOa . 

62-43 

3,9 -56 

19*84 

20*14 



66-61 

20-03 

20-31 

— 


99 ■•••• 

69-38 

19-95 

20-24 

_ 


RjOOj. 

41-30 

28*24 

— 

29*01 

... 

99 •*•••• 

49*60 

28-59 

_ 

29-38 

_ 

K 3 G 2 O 4 . 

25-00 

37*77 


38*90 



25-30 

37-16 

— 

38*32 


M M 

26 0 

28-59 

— 

29*44 

29-74 

AgNO,. 

60-56 

28-05 

28*65 



AgR(CN),... 

18-96 

41*06 

41*69 

— 


tfaClOa. 

43-48 

22*04 

— 

22*56 


NaBr0 3 . 

26*08 

29*32 


30-25 


NalOg. 

5*76 

38*27 


41*19 


NaNOg. 

45*10 

18-64 

18*96 

19-37 

19-77 

NaNO s . 

28-32 

15-24 

15-55 

— 


99 ••••■• 

43*90 

15 -81 


16-42 

16-75 

NasS 0 4 . 

30-04 

26*56 

— 1 

— 


>9 •»•••• 

17-75 

28-71 

28-96 


- 

NaHO . 

31 -00 

9-25 

9*44 

_ 


9» •••••• 

34-80 

9-33 


9*76 


N&HOOs •• •• 

37-28 

16-58 

— 

17*07 

— 

J9 •••« 

41-39 

16-63 

16-76 


— 

99 .... 

44-99 

16-60 

16-88 

_ 


NagCOg .... 

9-32 

22-46 


_ 

— 

» * • • • 

10-50 

22*18 

— 

22*90 

- -- 

99 .... 

13*77 

22*02 

— 

22-71 

23-07 

„ »» * * * * 

16-30 

21*66 

22*24 

22*50 

22-79 

SnC4. 

35-0 

48*70 

50-15 




B-h. 


Potassium i 


sulphate. 

»» • • • 
selenate. 
hydrate«. 
cyanide 


ide. 

Potassium 

cyanide. 

Potassium 

sulphate 

Potassium 


cobalti- 
ethyi 
formate • . 


„ carbonate 

» » 

39 oxalate... 

M M • • • 

3 i ethylate. * 

Silver nitrate. 


Sodium chlorate .... 
„ bromate..... 
„ iodate ., 

99 nitrate.. 

99 nitrite •. 


„ sulphate«... 

n » •• •• 

„ hydrate .... 

» » • ■ • • 

„ formate .... 

»» » • • • • 

» >* •«• • 

,9 carbonate ... 

>» » • • • 

» »> • • • 

» »> - • * 

Pm protochloride ... 


34-6 

33 1 

32*5 

38*25 

13-35 

18*11 

54-9 

1108*22 

43-00 

20*64 

21-10 

21*03 

29*55 

29*98 


30*41 

30*53 

44-21 

23*09 

31*16 

42*46 

20*11 

16*67 

16*91 

27*60 

29*75 

9*92 

10*00 

17*53 

17*56 

17*59 

23-88 

23-71 

23*16 

23*07 

55*04 


previously recorded by me and with those of ga.r»nrm;Vn# ft n ^ Vander 
Willigen. It -will afford means also for determining the dispersion 
equivalents, -with the help of the other observations previously 
published. 1 

A few points may he noted with advantage at the present time 

®te series of determinations given above indicate 8-9 as 
molecular refraction, and 0-50 as the molecular dispersion of ISTH*. 
These would appear to be the same whatever the strength of the solu- 
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turn; and to be very nearly the same when dissolved in alcohol. They 
agree with what would be arrived at by adding togethor the pre¬ 
viously received values for hydrogen and nitrogen, viz., 1*3 and 5*1 
for R a , and 0*04 and 0*38 for R H — S A , respectively; which will give 
9*0 for the refraction, and 0*50 for the dispersion. This uniformity is 
in strong contrast with the behaviour of the hydracids when combined 
with water. 

Cerium, JDidymium, and Lanthanum .—The observations given above 
are sufficient to afford us determinations of the values of this group of 
metals. Taking the value of potassium at 7*85, which is the latest 
result arrived at after a very full investigation, the value of chlorine 
in dissolved salts amounts to 10*95, of N0 3 to 14*25, and of SO* to 
17*5. 

This will give for the value of the three metals:— 


Metal. 

Atomic 

weight. 

From the 
chloride. 

From the 
nitrate. 

From the 
sulphate. 

Cerium.. 

92-0 

12*42 


- 

Didymium,.... 

96-0 

16 *4 

17-4 

15*4 

Lanthanum .. 

90*2 

15 *3 

16-7 

_ 


Both the didymium and lanthanum are subject to considerable 
error on account of the weakness of the solutions due to the sparing 
solubility of their salts. The didymium compounds also must have 
consisted of neodymium and praseodymium in unknown proportions. 

Chlorates , Bromates , and Iodates .—In Tables III and V, these com¬ 
pounds are sufficiently represented to give some idea of their optical 
characters. At first sight it would appear that the addition of 0 8 to 
the haloid salt causes an inadequate increase of the molecular refrac¬ 
tion, and a slight actual decrease iu the molecular dispersion. Thus, 
on comparing the sodium chlorate with the known values of the 
chloride, we get the following numbers:— 



Ba. 

Rh — Ra. 

NaC10 a . 

22*04 

1*05 

NaCl. 

15*40 

1*17 

Difference ...... 

6*64 

-0*12 


The lower value for oxygen being 2*8, that of 0 8 should bo 8*4 5 
and in the same way the dispersion should be about 0*3. Similar 
figures to those obtained from the sodium salt for the add tional 0 3 
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are given by the chlorates of potassium, ammonium, and barium, alrtd 
by chloric acid, and by the hromate and iodato of sodium. This 
might very naturally he regarded as analogous to the decreased re¬ 
fraction of the higher oxides of sulphur, phosphorus, arsenic, Ac., 
already, noted; but I believe the reason is a totally different one. 
The haloid salts in solution, as has been explained before, have a 
refraction higher than what would be expected from the ordinary 
value of the halogen and the metal. In the case of chlorides, this 
amounts to about 1 * 0 ; in the case of bromides and iodides somewhat 
more. If we suppose this unexplained increase not to take place in 
the case of chlorates, bromates, and iodates (any more than it does 
in nitrates), it will fairly account for the experimental results. The 
value of OIO 3 for the line A would thus be about 17*6, calculated 
from the sodium compound, 18*5 from the ammonium compound, 
18*3 from the potassium compound, and 18*8 from the barium com¬ 
pound, giving a mean of 18*3. The value of Br0 3 from the sodium 
compound would be 24*9, while that of IO 3 from the sodium compound 
would he 33*8. These are by no means improbable figures, judging 
from the value of the halogens in the paraffin compounds, and seem 
to indicate that the salts of the three oxidated halogens, when dis¬ 
solved in v ater, are normal in respect to their optical properties. 


LIV .—Volatile JPlatinum Compounds. 

By W. Pullingee, Brackenbnry Scholar of Balliol College, .Oxford# 

The object of this work was to determine, if possible, the vapour 
density of some compound of platinum. In order to obtain a suitable 
substance for this purpose, and to find the best conditions under 
which the trials could he made, some miscellaneous phenomena were 
observed, worthy of note, but apparently unconnected with the 
subject. 

The only volatile compounds of platinum hitherto known are those 
described by Schiitzenberger (Ann. OMm. Phys . [4], 21, 350; 
Annalen, Suppl. 8 , 242) in the year 1872. They were obtained by 
passing alternately streams of chlorine and carbon monoxido over 
platinum spongo heated at 250° in a combustion tube by means of a 
gas-furnace. The volatilised substance was collected in a suitable 
receiver. In this m ann er, Schiitzenberger obtained a mixture of 
three volatile compounds, namely, carbonyl ehloroplatinite, CO,PtCl 3 , 
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dicarbonyl cbloroplatinite, 0iO 2 ,PfcCla, and sesquicarbonyl cliloroplati- 
nite, Cs 0 3 ,PtaCl 4 . 

Now if we follow out the instructions given by Schiitzcnberger, 
substituting a small furnace for the oil-bath in which he heated the 
tube, we obtain another yellow substance, which remains behind after 
the volatile compounds have been driven from the heated part of the 
tube. This compound occupies the same position as the platinum 
originally did, nor can any amount of heating volatilise it. When 
hot, it is brick-red, and, on cooling, changes to a bright canary- 
yellow. It was obtained in two different experiments, but was only 
homogeneous in the first. Prom the method of formation, it seemed 
probable that the product was a combination of platinum, chlorine, 
and carbon monoxide, since it was not formed till the latter gas had 
been passed over the platinum chloride for a considerable time. It 
absorbed water from the air very slowly. An analysis of the sub¬ 
stance was made in the following manner. 

The water absorbed from the air was determined by heating the 
substance in an air-bath to successively rising temperatures till its 
weight was constant. It proved to be anhydrous at 105°. 

The platinum and chlorine were determined by reducing tho com¬ 
pound by pure magnesium and acetic acid. 

The reduced platinum was collected and weighed. The chlorine 
was precipitated by silver nitrate in large excess of nitric acid, and 
the precipitate treated and weighed in the usual manner. 

The carbon monoxide was found by difference. The percentage 
composition thus obtained was:— 


Platinum. 40*36 

Chlorine... 44*71 

Water. 4*19 

Carbon monoxide ..... 10*74 


Now the water present bears no molecular ratio to the other con¬ 
stituents. Calculating, therefore, the percentage composition of tho 
anhydrous substance, we obtain the values:— 


Platinum. 

4212-I 


r 42*01 

Chlorine. 

46-66 ] 

.against the 
[ theoretical' 

l 45-80 

Carbon monoxide .... 

11-32 J 

112-08 


100-00 


100-00 


which are the values calculated for a compound having the formula 
PtCl*,2COCl 2 or PtOlfljCjsOs. The compound would, therefore, appear 
to be a combination of platinum dichloride with phosgene. 

It was thought possible that this substance had resulted from the 
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action of a small amount of phosgene on the platinum dichloride. 
An attempt was, therefore, made to obtain it by passing a stream of 
phosgene over the heated chloride, but without success. 

Properties of the New Compound. 

It is a yellow, crystalline solid, stable in air, but slightly deli¬ 
quescent. It dissolves easily in water without blackening, and, on 
evaporation, separates from its solution in yellow crystals apparently 
unaltered. In alcohol it is only slightly soluble, and carbon tetra¬ 
chloride dissolves scarcely any. When strongly heated, it is decom¬ 
posed with evolution of chlorine and phosgene. Thus it has none of 
the properties characteristic of Schiitzenberger’s compounds. It may 
perhaps be called phosgeneplatinum dichloride. 

Specimens of carbonyl chloroplatinite, CO,Pt01 2 , and dicarbonyl 
chloroplatinite, C 2 0 2 ,Pt 2 Cl4, were next prepared in the pure state. 
The former was obtained by bubbling carbon monoxide for over an 
hour through the melted crude product; the latter, by a similar 
method, substituting carbon dioxide for the monoxide. 

Schiitzenberger says that the action of water on these compounds 
is very complex (loo. cit.). This perhaps results from a secondary 
action which takes place between the hydrogen chloride and the 
undecomposed substance. 

The equations given for the action of water are:— 

(1.) CO,PtCl 2 + OH a = C0 2 + Pt + 2H01, 

(2.) C^PtCh + OH 2 = C0 2 + CO + Pt + 2HC1; 

but, as Schiitzenberger points out, these represent only the chief 
actions. Now, in neither of these reactions is platinum formed as a^ 
first result of the action. If a drop of water is added to a crystal of 
the substance, it immediately becomes black. But both strong hydro¬ 
chloric and strong nitric acid dissolve the black substance; therefore r 
it cannot be either platinum or platinum dichloride, for the former is 
soluble in neither acid, and the latter is insoluble in nitric acid. 
Hence, if hydrogen chloride be formed by the action of water, it will 
tend to keep part of the substance in solution. Schiitzenberger found! 
that a very considerable quantity of platinum remained in solution r 
but, in presence of a large excess of water, platinum is eventually 
precipitated. 

The Action of Various Gases. 

In order to find a suitable atmosphere into which to volatilise the* 
substances for the vapour-density experiments, the action of various* 
gases was tried. The results are briefly as follows:— 
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Action of Dry Air on Pt01^2CO.—The substance is unchanged till 
its melting point is reached, when carbon monoxide is evolved; the* 
residue then solidifies, melting again at 190° A little above this- 
temperature, it decomposes with a slight sublimation. 

Dry hydrogen has no action in the cold. At the melting point, the 
compound is at once reduced to metal with partial sublimation. If 
the hydrogen be burned, the flame becomes luminous, and deposits a 
film of platinum on the surface of porcelain introduced into the 
flame. 

Dry chlorine has no action till from 80° to 90°, at which tempera¬ 
ture the compound fuzes, losing carbon monoxide with effervescence. 
At 116° it solidifies. At 140° it fuzes again, and is decomposed. 

Dry Carbon Dioxide .—Schutzenberger says the substances can be 
distilled in this gas; but it is very difficult to volatilise them com¬ 
pletely. A large residue of platinum dichloride is invaluably left. 

Phosgene had a peculiar action in the cold. Yellow drops of liquid 1 
were formed where *the substance was in contact with the glass. 
This liquid could not be obtained in sufficient quantity for examina¬ 
tion. A considerable quantity of the substance volatilised when the 
tube was heated, but complete vaporisation seemed impossible. It is 
also noteworthy that the compounds heated at 100° with liquid 4 
carbonyl chloride in a sealed tube are dissolved by it, and deposited' 
again on cooling in large crystals. In a vacuum, the substance was 
also incompletely volatile. The only gas in which it seemed possible 
to determine the vapour density was carbon monoxide. 


These were at first conducted in a Victor Meyer’s tube, in an atmo¬ 
sphere of carbon monoxide. The bottom of the bulb was lined with 
asbestos. A small block of the compact substance (experiments were- 
made with both substances) was dropped directly from the stopper on 
to the asbestos. 

Experiments were made at various temperatures varying between 
200° and 400°. There was, however, no agreement between any of 
the results. In some cases decomposition was evident, in others 
the substance was not completely volatilised. Some experiments* 
were made without asbestos, but in no single case, even at a very 
high temperature, and after the lapse of a considerable time, was 
volatilisation complete. A final attempt was made with a modified 
form of apparatus devised by Professor Lothar Meyer, The bulb of 
the apparatus is constricted in the middle. A small piece of platinum 
gauze rests on the constricted part. The substance is dropped 
directly on to the gauze. The vapour formed falls at once into the 
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lower part of the tube, leaving the atmosphere surrounding the solid 
unsaturated. In this manner the whole of the substance was vola¬ 
tilised; but, on examining the tube, it was found that even at a 
temperature of 250° the vapour of the substance in the bottom pait of 
the tube was decomposed in contact with the glass. The colour of 
the vapour is a dull red. It seemed evident that the vapour density 
of the compounds could not be determined when glass vessels were 
used. 

Possibly the form of apparatus described above may be useful 
in determining the vapour densities of other solids with heavy 
vapours. 

It was supposed possible that the corresponding bromine deriva¬ 
tives might bo more volatile An attempt was therefore made to 
obtain them. 


Schutzenberger obtained platinum dichlorid§ by passing chlorine 
over heated platinum sponge. An attempt to obtain tho dibromide 
in the same way failed. V. Meyer and Ziiblin obtained the tetra- 
bromide by heating platinum sponge with bromine and hydrobromic 
acid in a sealed tube at 180°, evaporating to dryness, and heating 
to 180° (Per., 1880,16, 404). It is not necessary, however, to make 
use of sealed tubes. If platinum sponge he simply boiled for a short 
time with an excess of bromine and hydrobromic acid, in a flask con¬ 
nected with a reflux condenser, the whole is dissolved. If the 
solution is then evaporated to dryness and the residue heated, 
bromine and hydrogen bromide are evolved. According to Topsoe, 
this takes place slowly at 100°, but more quickly at 200°, leavin g a 
bright brown powder which, when washed to free it from, undecom¬ 
posed tetrabromide, gives a brownish-green residue of the dibromide. 
It is, however, very doubtful whether any dibromide is formed at the 
lower temperature. The residue, obtained as above, was heated in 
an air-bath. Some dibromide was formed at 180°. This, when 
thoroughly washed from the tetrabromide, had not a brownish-green 
colour, but was coal-black. After heating another portion at 255° for 
five hours, some undecomposed tertrabromide still remained, bnt this 
time the colour of the dibromide was a dark, clear brown. It would 
seem therefore that the colour of the product is conditioned by the 
temperature of its formation. A third portion was heated at 310° 
for four hours in a current of air. Even at this temperature a residue 
of tetrabromide was left. The most convenient temperature for the 
preparation of the dibromide was found to he about 280°. 

It may be here mentioned that spongy platinum is also dissolved 
by a hot solution of iodine in hydriodic acid, yielding a, dark-red 
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liquid. From this, the tetraiodide can be easily obtained by evapo¬ 
rating it to dryness, heating the residue to 180° in an air-bath, and 
washing away the soluble part. The iodide thus obtained is a com¬ 
pound of singular stability, seeing that it can be heated with sodium 
carbonate to the fusing point of that salt without losing all its 
iodine. A rough determination of the platinum in the iodide was 
made by reduction with magnesium and acetic acid; this gave a per¬ 
centage of 28*2 of platinum, against the theoretical 27*7. 


Action of Carbon Monoxide on Platinum Bibromide . 


The dibromide was contained in a small boat which was placed in 
a combustion tube. The end of the tube was bent into a -shape, 
so as to serve as a receiver for the volatile compound. The straight 
part of the tube was placed in a combustion furnace, which was 
gradually heated; in the meantime, a slow current of dry carbon 
monoxide was passed over the dibromide. At the cool end of 
the tube a sublimate was formed, consisting of yellow and white 
crystals, and a brick-red powder. At about 180°, the con¬ 
tents of the boat melted, giving a dark-red liquid which was 
volatilised with difficulty; so great was the difficulty of completely 
volatilising this liquid, that it seemed impracticable to determine its 
vapour density. The sublimed substance was now melted by im¬ 
mersing the U"^ u ^ e i 11 a heated paraffin-bath. A current of carbon 
monoxide was passed over the melted substance for more than an 
hour, in order that a maximum amount might be absorbed. From 
the analogy to the chlorine compounds, it was supposed that a com¬ 
pound PtBr 2 ,200 would be formed. Such, however, was not the 
case. On cooling, the substance solidified to a mass of bright-red 
needles. The platinum and bronii no in this compound were estimated 
by heating a weighed quantity in a platinum crucible with a very 
large excess of carbonate of soda. That none of the substance was 
volatilised was evident from examination of the crucible after igni¬ 
tion. The resulting platinum was washed and weighed, and the 
bromine in the washings was estimated in the usual way. In this 
and in many other analyses, the carbonate of soda was tinged a 
darkish-blue. This may have been due to the formation of a sub¬ 
bromide of sodium, corresponding to the subchloride of potassium 
described by Bunsen {Ann. Phys. Chem., 1861, 113, 445). 

The following results were obtained.— 


L 

Percentage of platinum, 50*4& 

„ bromine, 41*504 

„ CO, 8*06 


n. 

50*33; mean, 50*38 
1*03; „ 41*26 

8*67; „ 8*36 

2 u 
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This approximates closely enough to the constitution of a com¬ 
pound having the formula PtBr 2 ,CO, which has the following per¬ 
centage composition:—Platinum, 50*90; bromine, 41*70; CO, 7*31. 
It would appear, therefore, that this compound, which may be called 
“ carbon ylbromoplatinite, ’ ’ does not absorb carbon monoxide at its 
melting point. 


Properties of Curbonylbromoplatinite. 

The melting points of two different specimens were taken with a 
delicate thermometer with the following results: (1) 177*5°, 

(2) 177*5°, (3) 178°, (4) 178°. Mean result 177*7°. It is bright- 
red and crystallises in well-defined needles. It is much less sensi¬ 
tive to the action of moisture than the corresponding chlorine 
compound. Indeed, it may be exposed to the air for a considerable 
time without darkening in colour. When treated with water, it first 
dissolves, giving a red solution, which, however, almost instantly 
blackens. The black product is soluble in hydrobromic acid. Abso¬ 
lute alcohol dissolves the substance without blackening, giving a 
dark-brown solution. When melted in a stream of carbon dioxide, 
it loses carbon monoxide, and appears to be converted into the 
dibromide of platinum. 

In conclusion, I must express my very sincere thanks to Professor 
Lothar Meyer for the great assistance which he has given me. It 
was he who suggested the work, and he who, during its progress, 
aided me with very many suggestions and much personal help. 

Tubingen . 


LV.— Note on a Volatile Compound of Iron with Carbonic Oxide, 

By Ludwig Mond, P.R.S., and Pjkiediucii Qcikclb, Ph.D. 

In a paper on the action of carbonic oxide on nickel communicated to 
the Society (Trans., 1890, 57, 749) by us in conjunction with 
Dr. Carl Danger, and which dealt with the preparation and proper¬ 
ties of nickel-carbon-oxide, it was stated (p. 752) that all experi¬ 
ments to obtain a similar compound with other me tals had been 
unsuccessful. Considering it very improbable that nickel should be 
the only metal forming such a compound, we have continued these 
experiments, more particularly with iron, under very varied condi- 
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tions, and have succeeded in volatilising notable, although vciy small, 
quantities of iron in a current of carbonic oxide. 

If very finely-divided iron, obtained by reducing iron oxalate in a 
current of hydrogen at the lowest possible temperature, exceeding 
but little 400°, is allowed to cool in hydrogen gas to 80°, and then 
treated with carbonic oxide, the issuing gas imparts a yellow colour 
to the flame of a Bunsen burner into which it is introduced, which 
continues even at ordinary temperature for several hours; and by 
passing it through a heated glass tube, a metallic mirror is formed at 
between 200° and 350°, whilst at higher temperatures, black flakes 
are produced. 

On dissolving these mirrors, the solutions gave all the known reac¬ 
tions of iron in remarkably brilliant colours. The o?:ide obtained 
by dissolving the mirror in nitric acid, precipitating with ammonia, 
and heating to constant weight, was reduced by hydrogen. We 
obtained from 0*3119 gram of oxide 0*2199 gram Fe = 70*48 per 
cent., and from 0*4342 gram of oxide 0*3037 gram Fe = 69*94 per 
cent. Fe = 56, O = 16 require 70*00 per cent. There can thus be 
no doubt that these mirrors consist of iron. The black flakes 
obtained at higher temperature consist of iron and carbon. By the 
combustion of the substance and absorption by caustic potash of the 
carbonic acid formed, we found 79*30 per cent, of carbon. 

However, even under the most favourable circumstances, the 
quantity of iron obtained in this way is very small. Treating 
12 grams of finely-divided iron with carbonic oxide during six weeks, 
we volatilised only about 2 grams of iron. As the action of the 
carbonic oxide became less energetic after a time, we had to interrupt 
the operation and heat the iron at 400° m a current of hydrogen for 
about 20 minutes every five or six hours. By passing 24 litres of 
carbonic oxide per hour over the iron, the issuing gas contained at 
its best not moro than 0*01 gram of iron, which corresponds (if we 
assume the volatile iron compound to have the same composition as 
nickel-carbon-oxide) to less than 2 c.c. of the compound in a litre of 
gas. 

This great dilution makes the study of: the properties and composi¬ 
tion of the compound very difficult. 

In passing the gas containing it through sulphuric acid, the com¬ 
pound is completely absorbed, but the solution decomposes very 
rapidly. 

In passing the gases through benzene or heavy mineral or tar oils, 
the compound is partially absorbed, bnt all the substances we have 
tried only take up a small quantity of it. The solutions obtained arc 
of a tawny colour, and decompose on exposure to the air, with sepa¬ 
ration of iron hydroxide. 


2 u 2 
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The solutions in mineral oils boiling between 250° and 300° seemed 
to us the most suitable for studying the composition of the com¬ 
pound ; but we found it impossible to exhaust it from these solutions 
by means of the vacuum pump. 

On raising the temperature of the solution to 100° the solution 
remained clear, and under a pressure of 500 mm. mercury, we 
obtained only a small quantity of a mixture of air and carbonic oxide 
(from 30 c.c. of oil about 5 c.c. of gas). 

On raising the temperature to about 180°, the solution turned 
black, from separated metallic iron, which was found to be free from 
carbon, and carbonic oxide was slowly evolved; this sometimes con¬ 
tained a very small quantity of carbonic acid, but was always quite 
free from hydrogen. 

We have determined the quantity of iron and carbonic oxide 
obtained, by heating about 30 c.c. of heavy mineral oil, through 
which the gas containing our compound had been passed from 8 to 
16 hours, in a glass vessel very nearly filled with the oil, and con¬ 
nected by a capillary tube to a Hempel burette filled with mercury. 

The tube was heated to 100° under a vacuum of 500 mm. mercury 
until the volume in the burette remained constant; the tube was 
cooled down to measure the exact volume of this gas, and was then 
heated up to 180° until no more gas was evolved, which took from 
1 to 2J hours. The increase in the volume of the gas by the latter 
operation gave us the carbonic oxide in the compound. 

The iron contained in the oil was, after dilution with other if 
necessary, collected on a filter and converted into oxide. The filtrate 
was distilled off, and the small residuum treated with hydrochloric 
acid and precipitated with ammonia, and the resulting small quantity 
of oxide of iron added to the first. In this way wo obtained the 
following results:— 
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These figures, although only approximate on account of the very 
small quantities of substance and the imperfect method we had io 
use for their determination, make it very probable that tlio volatile 
iron compound is iron-tetra-carbonyl, Pe( 00 ) 4 , analogous to nickel- 
tetra-carbonyl, Ni(CO) 4 . 


LYI .—The Lactone of Triacetic Acid . 

By J. Norman Collie, Ph.D., F.R.S.E., University College, London. 

In a paper which I communicated to this Society some short time 
ago (this vol., p. 5, 189) on the constitution of dehydracetic acid, I 
pointed out that if the formula which I proposed for dehydracetic acid 
were the correct one, it would then be the 8-lactone of tetracetlc acid. 
The following list was then giveD, which was intended to show the 
connection between the condensed acids formed from acetic acid:— 


CH 3 -CO-CH s -CO-CH 3 -CO-CH 2 -COOH, 

Tetracotie acid. 

CHa-CO-CB^-CO-CHs-COOH, 

Tnacefcic acid. 


ch 3 -co-ch 3 -cooh, 

Diacetic acid. 

CHs-COOH. 
Acetic acid. 


Although no acid corresponding to the triacetic acid or its lactone 
was then known, still, by analogy, one could predict tho possibility of 
its existence. Since the paper on dehydracetic acid was published, I 
have been trying in various ways to substantiate by means of experi¬ 
ment the correctness of my views with regard to dehydracetic acid, 
and although the work on dehydracetic acid itself, is not yet finished, 
yet I have been able to obtain a now acid from it which seems, without 
doubt, to be the missing lactone of triacetic acid. 

When dehydracetic acid is dissolved in strong sulphuric acid, no 
reaction takes place, but if the temperatare is raised to about 150°^ 
the dehydracetic acid is completely decomposed and a very large por¬ 
tion is converted into acetic acid. 

If, however, dehydracetic acid is mixed with sulphuric acid con¬ 
taining about 8—10 per cent, of water, and the mixture kept at 
130—135° for a few minutes and then cooled, on pouring it into water 
a new acid separates in crystals, which, when pure, have a much 
higher melting point (188—189°) than dehydracetic acid. 

This new acid is probably the lactone of triacetic acid and is formed 
according to the following reactions :— 
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(i.) ch 9 *oO'CH**c:ch , oo , oh, ! + h,o = 

0-00 

CHs-CO-OHs-OO-OHi-CO-OHrOOOH. 

(2.) OHs-OO-OBt-CO-OHj-OO-OHs-OOOH + H,0 = 

OHj-OO'OHi'OO’OHs'COOH + 0H 3 -000H. 

(3.) OHj-OO-CH/OO-OHs-COOH = ch 3 -c:ch-co-oh 2 + H*0. 

0-00 


The properties of this new snbstanco are very similar to those of 
dehydracetic acid. It has an acid reaction with litmus paper, yet it 
does not seem to form a stable ammonium salt, for its solution in 
ammonia, when evaporated in a vacuum, leaves a certain amount of 
free acid uncombined. This ammonium salt is, however, more stable 
than the corresponding compound of dehydracetic acid. 

When warmed with alkalis, complete decomposition occurs, acetic 
acid, acetone, and carbonic acid being formed :— 


CH s *C:0H*00*CHg + H 2 0 + 2NaOH = tfaC 2 H 3 0 2 + 

6-oo 


KfaHCOs + 0H s *00*0H a . 


Boiled with water or with acids, it splits into acetylacetone and 
carbon dioxide:— 

CH s -C:CH-CO-CH a + H 2 0 = OH^OO-OHi-OO-OH, + CO* 

6-oo 


Treated with hydroxylamine, an oxime results, which proves the 
presence of a carbonyl group. 

With bromine, a mono-substituted compound is obtained:— 
CoH 6 0 5 + Br, = CeHABr + HBr. 

The lactone cannot be distilled, but suffers decomposition when 
heated to a little above 200°. 

From the above reactions, it seems probable that this substance is 
the lactone of triacetic acid. The formation of acetylacetone when 
boiled with adds resembles, in a striking way, the decomposition of 
diacetic and tetracetic acids when similarly treated:— 

CHa-CO-CHi-CO^CHa-CO-CHa-COOH = 

Tetracetic acid. 


CH 3 -CO*CH 2 -CO*CH 2 -CO-CH 3 + CO* 

Diacetylacetone. 



COLLIE: THE LACTONE OF TUIAOETIC ACID. 


609 


<JH/00-CH 2 -CO-OH 2 -COOH = OH 3 -00-CH 2 -CO-OH3 + C0 2 . 

Tnacetic acid. Acctylacotono. 

CH,-CO-CH a -COOH = CH 3 -COCH 3 + OO,. 

Diacetic acid. Acetone. 

In the case of dehydracetic acid, however, the diacetylacetone suffers 
a further loss of water, and dimothylpyrone is formed. 

Lastly, when triacetic lactone is treated with ammonia, and the 
ammonium salt heated on the water-bath, nearly the whole is con¬ 
verted into a new compound, which contains nitrogen, but which does 
not give ammonia when boiled with strong caustic soda :— 

C 6 HA + NTT, = 0 6 H 7 N0 3 + HA 


Experimental Part. 

Action of 90 per cent. Sulphuric Arid on Dehydracetic Arid. 

50 grams of dehydracetic acid were dissolved in 150 grams of dilute 
90 per cent, sulphuric acid. The mixture was then heated in a flask 
which was immersed in an oil-bath. When the contents of the flask 
were at a temperature of 130°, a drop was allowed to fall into water; 
as soon as no crystals formed in the water after tho addition of the 
drop of the mixture, the flask was rapidly cooled, and the con¬ 
tents poured into about 200 c.c. of cold water. The new compound 
crystallised out at once It was then recrystallised from hob water; 
this operation must be done as quickly as possible, for prolonged boil¬ 
ing decomposes the lactone to a considerable extent. By this process 
a yield of between 80—90 per cent, was obtained. 

The new acid is more soluble in water than dehydracetic acid; it is 
also easily soluble in alcohol or hot acetone. In ether, benzene, 
chloroform, or light petroleum, it is only sparingly soluble. When 
pure, it crystallises in long, white needles which melt at 188—189° 
(corr.). An analysis gave tho following numbers:— 

I. 0*3870 gram substance gave 0*8130 gram C0 3 and 0*1730 gram 
HA 

II. 0*3785 gram substance gave 0*7950 grain C0 3 and 0*1650 gram 

HoA 

Found. 

Calculated for ( -*-v 

C 6 H 0 O 3 . I. II. 


0 . 57*14 57*29 57*28 

H. 4*76 4*96 4*84 


The percentage of carbon and hydrogen is, of course, the same as 
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that required by dehydracetic acid (C 8 H 8 04 ), and also with other acids 
of the C2»H 2 «0» series. It was, therefore, necessary to determine the 
molecular weight. This was done by the Raoult method, and also by 
the analysis of some of the salts:— 

0 5040 gram substance lowered the melting point of 39*55 grams of 
acetic acid, 0*38°. Molecular weight = 130. 

Calculated for 

C 6 H 6 0 3 . Found. 

Mol. weight.. 126 130 

The new acid has, therefore, been produced by the elimination of 
acetic acid from tetracetic acid:— 

OgHgCXj. -f* HjO — CgHfcOj - 1 “ O2H1O2. 

In order to verify whether acetic acid had been formed during the 
reaction, the mother liquors from an experiment where 20 grams of 
dehydracetic acid had been used were neutralised with caustic soda, 
and then evaporated to dryness. The residue was extracted with 
alcohol, and the sodium acetate thus obtained corresponded to 9 grams 
of acetic acid, the theoretical amount, according to the above equa¬ 
tion being 7 grams. The sodium acetate seemed to be nearly pure, 
and was characterised by its properties and reactions. 

The new acid reddens litmus paper, and produces an effervescence 
when added to potassium or barium carbonates. It seems to be mono¬ 
basic, for 9*415 grams acid took 2 95 grams caustic soda for neutralisa¬ 
tion. From the following equation:— 

0 fl H 6 0 3 + !NaOH = C Jf 7 OJS T a, 

the amount required is 2*98 grams. 

The acid when neutralised with ammonia and evaporated in a 
vacuum over sulphuric acid loses some of its ammonia; it therofore in 
this respect resembles dehydracetic acid, and is probably not a true 
acid but a lactone. Most of its salts are soluble in water; oven the 
silver salt can only be precipitated from strong solutions. 

Silver Salt .—On adding a concentrated solution of either the 
ammonium or barium salt of the acid to a strong solution of silver 
nitrate, a granular, white precipitate forms. 

I. 0*4120 gram salt gave 0*1895 gram Ag = 46*00 per cent. Ag. 

II. 0*2235 gram salt gave 0*1035 gram Ag = 46*28 per cent. Ag. 

III. 0*3170 gram salt gave 0*1460 gram Ag = 46 05 per cent. Ag. 

W. 0*4065 gram salt gave 0*4630 gram 00 2 ,0*0840 gramH s O, and 
0T880 gram Ag. 




COLLIE: THE LACTONE OF TRIAOETIO ACID. 


611 


Found. 

Calculated for , ---*-* 

CgHgOjAg. I. II. in. IV. 


0 . 30-90 — — — 31-00 

H. 2*14 — — — 2-14 

Ag. 46-25 46-00 46*28 46-05 46*25 


I, II were precipitated from silver nitrate solution by the ammonium 
salt. 

Ill, IV were precipitated from silver nitrate solution by tho barium 
salt. 

'Potassium Salt .—The acid was exactly neutralised by potassium 
carbonate. The solution was evaporated to dryness, and extracted 
with alcohol. The alcoholic solution on evaporation left a syrup 
which would only crystallise when the last traces had boon evapo¬ 
rated. The salt was therefore again dissolved in dry alcohol, and 
precipitated by adding dry ether. It was then obtained as a white, 
crystalline precipitate. This was dried in a vacuum over sulphuric 
acid and analysed. 

0*3450 gram salt gave 0*1850 gram E^SO* = 24*03 per cent. K. 


Calculated for 

C 6 H & Oj 3L round. 

K. 23-78 24*03 


Bwrium Balt .—This salt was prepared both from the hydrate of 
barium and from tho carbonate. The solution of the salt evaporated 
cither over sulphuric acid or on tho water-bath dried up to a vitreous 
mass. It was, however, obtained as a crystalline precipitate by 
adding dry ether to the alcoholic solution:— 

0*3900 gram salt (dried in a vacuum) gave 0*2240 gram BaSO* = 
33*77 per cent. Ba. 

0*4220 gram salt (dried at 130°) gave 0*2520 gram BaSO* =s 35*11 
per cent. Ba. 

Calculated for Found 

(C 6 H 7 0,) 2 Ba. (OfcffjOOaBa. £ II. 

Ba. 32-88 3540 33‘77 3511 

Nearly all the metallic salts of the lactone seem to bo very soluble, 
as no precipitates were obtained by using a concentrated solution of 
the barium salt, and adding it to copper acetate, lead acetate, or 
mercuric chloride. The lead salt can be obtained by boiling the 
lactone with lead carbonate. The action is, however, very slow. 
The solution of the lead salt on evaporation deposits oily drops, 
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which, eventually crystallise. The barium salt of the lactone 
added to a neutral solution of ferric chloride gives an orange-brown 
precipitate. 


Action of Bromine on the c-Lactone of Triucetic Acid . 

The lactone of triacetic acid reacts with bromine in a manner 
similar to dehydracetic acid. When the lactone is dissolved in strong 
acetic acid and bromine is carefully added to the well cooled mixture, 
after a short time a mono-brominated derivative crystallises out. 
The new compound is best purified by recrystallisation from acetic 
acid, and can be obtained in long needles, which turn black at about 
200°, and decompose a few degrees higher with evolution of gas. 

0*4310 gram substance gave 0*09G0 gram H 3 0 and 0*5535 gram 
C0 2 . 

0*3015 gram substance gave 0*2805 gram AgBr = 39*50 per cent. 
Br. 


Found. 


Calculated for t -*-^ 

CgHgBrOg. I. 11. 


O. 35*46 35*02 — 

H. 2*46 2*47 — 

Br . 39*40 — 39*59 


The compound has therefore been formed by the substitution of 
one hydrogen atom in the lactone by bromine :— 

CgHfiOa + Br a — CeHsBrOs + HBr. 

The substance possesses acid properties, and forms well defined 
salts, which are much more easily obtained in the crystalline condi¬ 
tion than the corresponding ones of the lactone. 

The Barium Salt .—This crystallises easily from a concentrated 
solution in stellate tufts of needles, and seems from its analysis to 
exist either as a salt of the time bromotriacetic acid or as a salt of 
the lactone. Some of the salt dried in the air gave the following 
numbers:— 

0*2755 gram salt gave 0*107 gram BaSO A = 22*89 per cent. Ba. 

2*0040 gram salt lost, in a vacuum over sulphuric acid, 0*0610 gram 
H a O = 3*04 per cent. H«0. 

Calculated for 

(0 6 H 6 Br0 4 ) 2 Ba 3 H 2 0. Found. 


Ba. 22*87 22*89 

H a O. 3*00 3*04 
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Another specimen was dried in a vacuum over sulphuric acid:— 

0*5655 gram salt gave 0*5200 gram CO 2 and 0*0965 gram H^O. 
0*4265 gram salt gave 0*1715 gram BaSOi = 23*64 per cent. Ba. 


Found. 

Calculated for ( - K - s 

(C 6 H 6 Br 04 ) 2 Ba. I. II. 


O. 24*87 25*07 — 

H. 2 06 1*89 — 

Ba. 23*58 — 23*64 


And, lastly, some was dried at 127—130°, when it ceased to lose 
weight:— 

0*4615 gram salt gave 0*1980 gram BaSOi = 25*22 per cent. Ba. 

0 3700 gram salt gave 0*1570 gram BaSO* = 24*90 per cent. Ba. 


Ba 


Calculated for 
(C fl H4BrO,) 3 Ba. 


25*13 


Found. 



25*22 24*90 


The Silter Salt .—This salt can he precipitated as a bulky mass of 
hair-like needles on adding a solution of the barium salt to silver 
nitrate. It can be recrystallised from hot water. It was dried in a 
vacuum and analysed:— 

0*2365 gram salt gave 0*1340 gram AgBr = 32*55 per cent. Ag. 

Calculated for C b H 4 BrO?Ag> Ag = 34*61 per cent. Calculated for 
CeHflBrOiAg, Ag = 32*72 per cent. 

Most of the other metallic salts are extremely soluble in water, as 
no precipitate could be obtained on adding solutions of load, copper, 
or mercury salts. With a neutral solution of ferric chloride, an oi*ange 
precipitate is obtained. 

When the bromine compound is boiled with water, a strong smell 
of bromacetone is at once produced. From this fact it seems probable 
that the formula is either 

CH^CICBr-COCH* CHyCrCH-CO-CHBr 

6-00 01 ’ 6-60 


The same decomposition also occurs when a solution of the bromine 
compound is boiled with dilute sulphuric acid; it can, however, 
be boiled for some time with caustic soda without any decompo¬ 
sition, the brominated lactone being precipitated unchanged on the 
addition of an acid. 
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Action of JSydroxylamine on the 8-Lactone of Triacetic Acid . 

The lactone was dissolved in sodium carbonate solution, and tho 
hydrochloride of hydroxylamine then added, care being taken to have 
just sufficient carbonate to keep the solution alkaline. The mixture, 
after being left for 24 hours, was acidified, and the precipitate 
collected and recrystallised from hot alcohol and water; it forms 
long needles melting at 230—231° (corr.). Dried over sulphuric 
acid, 


0*5255 gram substance gave 0*9755 gram CCh.* 

0*2520 gram substance gave 0 4665 gram 00 2 and 0*1385 gram 
HjO. 


0*3005 gram substance gave 
pressure. 

Calculated for 
C 6 H 9 N0 2 . 


C . 50*35 

H. 6*29 

BT. 9*79 


24*8 c.c. BT. at 1G° and 768 mm. 

Found. 

£ u! m? 

50-62 50-48 — 

— 6-10 — 

— — 9-73 


The compound is therefore probably the oxime of triacetic acid, 

0H 3 -00-CH 2 -C(2fr0H)-0H 2 -C00H or 

OH3-OCN-OH)-OH a -00-OH 3 -COOH. 

With litmus paper it has an acid reaction. 

The action of phenylhydrazine on the lactone was also tried, but 
although combination occurred, the resulting compound did not 
crystallise at all easily, so the reaction was not pursued farther. 


Action of Concentrated Caustic Soda on the 8-Lactone of Triacetic Acid+ 

Ten grams of the lactone were boiled for a few minutos with 
strong caustic soda free from carbonate. The flask in which the 
mixture was boiled was connected with a reflux condenser. The mix¬ 
ture was then distilled; the distillate, on fractional separation, was 
found to consist of acetone and water, the acetone being recognised 
by its boiling point and the crystalline bisulphite compound. The 
residue containing the excess of caustic soda was neutralised with 
hydrochloric acid, when considerable effervescence of carbon dioxide- 
occurred. The solution was then evaporated to dryness. The solid 
residue gave all the tests for acetic acid. 

* The hydrogen determination in this combustion was spoilt, owing to oxides of 
nitrogen being absorbed in the sulphuric acid bulb. 
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The o-laetone of triacetic acid therefore decomposes as follows:— 

CHVC-CH-CO-CH, + H 2 0 = CH S -OOOH + (CH^.OO + CO* 

6 -CO 

Action of Seat on the 8-Lactone of Triacetic Acid-, 

Dehydracetic acid is capable of distillation without much decompo¬ 
sition ; it was therefore expected that the lactone of triacetic acid 
would behave in a similar manner, but such was not found to be the 
case. 

Ten grams were heated in an oil bath to about 250°; complete 
decomposition occurred, and 3 grams of a liquid distillate was 
obtained, a large quantitity of carbon dioxide was also evolved, and a 
considerable residue of charred matter remained in the flask. Nothing 
could be extracted from the charred residue except a small quantity 
of crystals, which were not further examined. 

The distillate proved to be nearly pure acetylacetono (b. p. 
137—143°). 

0*1520 gram substance gave 0*3350 gram CO* and 0*1105 gram 
H a O. 

Calculated for 

Or,HaO*. Pound. 


C. 00*00 60-10 

H. 8-00 8*07 


Some of the characteristic copper salt was also prepared and 
analysed:— 

0*2200 gram salt gave 0*0670 gram CuO = 24*28 per cent. Cu. 
0*3048 gram salt gave 0*0920 gram CuO = 24 06 per cent. Cu. 

Pound. 

Calculated for >-*- 

(CgHyOjOsCu. I. II. 

Cu. 24*13 21*28 24*06 

Action of Pentachloride of Phosphorus on the 8-Lactone of Triacetic 

Acid . 

This reaction was looked upon with some interest, because the 
chloride which ought to be formed should on reduction yield normal 
hexylic acid. The result of the action of pentachloride of phosphorus 
was, however, very disappointing. The experiment was made in 
several different ways, but always with the same result. 

At ordinary temperatures no action took place, but, on waiming, a 
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vigorous reaction at one© s©t in, witb tho invariable result that a dark- 
coloured mass was produced, which gave with water a magnificent rose- 
red solution; the bulk of the product of the reaction, however, was 
a black resin, which was only sparingly soluble in water, and gave a 
deep reddish-brown solution, which possessed the property of dyeing 
silk a beautiful salmon-pink. As no pure compounds could be sepa¬ 
rated from the products of the reaction, and the reaction itself seemed 
to be one of considerable complexity, the attempt to substitute 
chlorine for the oxygen atom in the carbonyl group of the lactone 
was abandoned. 

The action of several other reagents was tried on the lactone. 
Heated with strong sulphuric acid at 200°, evolution of carbon 
dioxide began, and a small quantity of acetylacetonc was produced. 
On cooling the mixture and pouring it into water, tho original lactone 
crystallised out. If the heat is raised above 200°, tho lactone is com¬ 
pletely decomposed with evolution of carbon dioxido, sulphur dioxide, 
and other products, whilst a black charred mass remains in tho flask. 

With dilute sulphuric acid (25 per cent.), the lactone is at once 
decomposed. 1*30 grams were boiled with excess of the dilute sulph¬ 
uric acid; 250 c.c. of carbon dioxide were at once evolved, and at tho 
end of five minutes no further evolution of gas occurred. The 
residue contained nothing but acetylacetone and the sulphuric acid. 
The reaction appears, therefore, to be quantitative, and is expressed 
by the following equation:— 

C 6 H fl 0 3 + H a O = 0H 3 -C0-0H-00-0H 3 + C0 3 . 

1*30 grams of the lactone of triacetic acid should give about 240 c c. 
of carbon dioxide. 

The lactone can be evaporated to dryness over tho water-bath with 
strong nitric acid, without much change taking place; on tho other 
hand, if it is first dissolved in strong sulphuric acid and tho solution 
kept cold in a freezing mixture, the addition of a mixture of strong 
nitric and sulphuric acids causes no evolution of gas, but on pouring 
the liquid on to powdered ice, a nitro-compound separates as a floc- 
culent precipitate. When recrystallised from glacial acetic acid, this 
forms yellow crystals melting at 210—212° (corr.). 

On analysis:— 

0*4045 gram substance gave 29*5 c.c. N at 758 mm. and 15° = 
8*51 TS. 

Calculated for 

C 6 H 6 (N 03 ) 0 3 . Found. 

BT . 8*18 8*51 

The lactone when warned with hydriodic acid seems to be m*- 
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acted on, as only traces of acetylacetone wore noticed, and apparently 
the whole of the lactone could be recovered. 

Heated at 100° with acetyl chloride and sodium acetate, it remains 
unchanged and therefore probably does not contain a hydroxyl group. 


Action of Seat on the Ammonium Salt of the B~ Lactone of Triaceiic Acid . 

If the lactone is dissolved in strong aqueous ammonia and the salt 
heated on the water-bath, a crystalline substance very soon begins to 
separate, and if the mixture is evaporated to dryness and the residual 
salt heated to about 100°, the conversion into a new nitrogen com¬ 
pound is very nearly complete. The new compound, recrystallised 
from alcohol and water, melts at about 315° (330°, corr.J; it then 
rapidly chars. When boiled with strong caustic soda, not a trace of 
ammonia is evolved. Heated with zinc-dust, it gives the pyrrol 
reaction with a pine splinter moistened with strong hydrochloric 
acid. 

I. 0*2060 gram substance gave 0*4315 gram 00,2 and 0*1080 gram 
H s O. 

II. 0*1980 gram substance gave 0*4160 gram CO^ and 0*1055 gram 
H 2 0. 

III. 0*2630 gram substance gave 26*2 c.c. N at 16° and 760 mm. 


C 

H 

W 


Calculated for 
C 0 HjNO 3 . 

. 57-60 

r~ 

II. 

IIl\ 

57-12 

57-30 

— 

. 5-60 

5-85 

5-92 

— 

. 11-20 

— 

— 

11-61 


The reaction therefore is a simple one:— 

0 8 HeO, + NHj = C,H : NO, + H*0. 

As the investigation of this new nitrogen compound is not yet com¬ 
pleted, I shall reserve the results for a future communication. 


LVII .—Some Reactions of Dehydracetic Acid. 

By J. Hohman Collie, Pb.D., E.B.S.E., University College, London. 

During the last six months I have been working with largo quantities 
of dehydracetic acid, and find that several important reactions of this 
interesting substance have hitherto escaped notice, I have therefore 
collected them and am induced to bring bring them before the 
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Society, as I think that they will he of considerable use to anyone 
■who is working with dehydracetic acid. 

Preparation .—-In the preparation of dehydracetic acid, it is usually 
stated that when it is formed from ethylic acetoacetate, alcohol is the 
only other substance produced. This is quite incorrect, as the follow¬ 
ing numbers will show:— 

From 1500 grams of ethylic acetoacetate, after passing through an 
iron tube heated to dull redness (see Oppenheim and Precht, Per., 9, 
324), I obtained:— 

Grams. 


Dehydracetic acid. 450 

Acetone, b. p. 57—61° . 150 

Acetone and alcohol, b. p. 60—78°. 190 

Alcohol, b. p. 78—80°. 160 

Residue, alcohol, water, and ethylic acetoacetate, 

b. p. above 80°. 170 

Carbon dioxide, ethylene, and loss . 380 

Total. 1500 


A large quantity of ethylene dibromide (b. p. 131—132°) was ob¬ 
tained by passing the gases evolved during the operation through 
bromine. This ethylene could not have been formed by the decompo¬ 
sition of the alcohol, for the temperature of the iron tube was too low 
to effect the change; its formation must therefore be accounted for 
by some other reaction. I think that it may, with considerable 
probability, be expressed as follows:— 

CHa-CO-CH^COOCsHs = CH 3 -CO-CH 3 -COOH + C 3 H 4 , 

and the acetoacetic acid (diacetic acid), at the moment of formation, 
partly decomposes into acetone and carbon dioxide:— 

CH 3 -C0*CH s -C00H = CH 3 -COCH 3 + CO s , 
and partly condenses to tetracetic acid and then to dehydracetic acid:— 
2CH 3 -CO-CHo-COOH = CH 3 -CO-CH a -CO-CH s *CO*CH 2 *COOH + H s O 

Diacetic acid. Tetracetic acid. 

= CHa-CO-CHs-CICH-CO-CHa + H a O. 

O-00 

3-Lactone of tetracetic acid 
or dehydracetic acid. 

"Various trials were made to produce dehydracetic acid by 
other reactions. Methylic acetoacetate gives large quantities of 
dehydracetic add when passed through a hot tube, Ethylic ethyl- 
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acetoacetate, however, does not yield a trace of dehydracetic acid, or 
any ethyl derivative of it, when similarly treated. Chloride of acetyl 
and acetic anhydride were also treated in various ways, such as pass¬ 
ing through red-hot tubes, boiling with zinc chloride or aluminium 
chloride, but with negative results. 

Properties . 

Dehydracetic acid is volatile with steam to a considerable extent, 
and is also slightly decomposed with water into carbon dioxide and 
dimethylpyrone. In the evaporation, therefore, of a solution of the 
free acid, a large quantity is always lost. This conversion into di¬ 
methylpyrone is more conveniently carried out by boiling dehydracetic 
acid with ordinary fuming hydrochloric acid. First (Annalen , 257,, 
272) prepares dimethylpyrone by heating dehydracetic acid in sealed 
tubes with ten times its weight of hydriodic acid of sp. gr. 1*5 for 
a day and a half at 150—160°, and states that dehydracetic acid is 
not attacked by sulphuric acid below 135° or by hydrochloric acid. 
I have shown elsewhere (p. 609) that sulphuric acid will change it 
into the 5-lactone of triacetic acid, and I find that if 50 grams of 
dehydracetic acid is boiled with strong hydrochloric acid, in about 
half an hour it is totally decomposed ., 

The reaction being as follows :— 

C 8 H 8 0 4 + H a O + HC1 = C 7 H u 0 3 0l + CO* 

In a quantitative experiment, 2 grams of acid were boiled with 
hydrochloric acid, and yielded, after a short time, 250 c.c. of carbon 
dioxide. The amount demanded by the above equation is about 
260 c.c. 

After boiling dehydracetic acid with hydrochloric acid, the solution, 
on evaporation, yields magnificent groups of tabular crystals, much 
resembling those of creatinine. This compound was first obtained 
during an attempt to reduce dehydracetic acid with tin and hvdrc- 
chloric acid; after the tin chloride and excess of hydroehloi ic acid had 
been removed, the concentrated solution deposited crystals which, on 
analysis, gave the following numbers :— 

I. 0*4035 gram substance gave 0*6950 gram C0 3 and 0*238 gram 

H 2 0. 

II. 0*3385 gram substance gave 0*2730 gram AgOl. 

Found. 

Calculated for /-*-. 

0 7 H„0 3 C1. I. II. 


C. 47*06 46*97 — 

H. 616 6*55 — 

Cl. 19 88 — 19*95 

VOL LIX. 2 X 
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The substance was, therefore, thought to be a hydrochloride of 
diacetylacetone, C 7 H 10 O 3 . It does not, however, give any reaction 
with ferric chloride solution, whilst diacetylacetone gives a deep 
cherry-red, nor can diacetylacetone be extracted from the aqueous solu¬ 
tion by evaporation. When it is dissolved in water ^nd treated with 
oxide of silver, chloride of silver is precipitated, and the solution 
becomes neutral, and on extraction with chloroform dimethylpyrone 
can be obtained (m. p. 132°, and b. p. 248—250°). When distilled, it 
first gives hydrochloric acid and water, and then dimethylpyrone. 

It melts at 83—85°, and its solution in water is strongly acid to 
litmus paper. It can be produced from diacetylacetone by dissolving 
it in hydrochloric acid and allowing the solution to evaporate, or by 
concentrating over the water-bath. 

Dimethylpyrone, when dissolved in hydrochloric acid, and the 
solution evaporated, however, does not seem to yield this compound. 


Barium Salt of Dehydracetic Add. 

This salt is of interest, because it appears to be a true salt of tetr- 
acetic acid, and not of the lactone (dehydracetic acid). If a warm 
solution of barium hydrate be added to dehydracetic acid, the acid 
dissolves, but almost at once a crystalline salt begins to separate, 
which gave the following numbers on analysis:— 

The salt vas dried at 110°. 

I. 0-3720 gram salt gave 0*1680 gram BaS0 4 . Ba = 26*55 per 
cent. 

II. 0-4835 gram salt gave 0*2235 gram BaS0 4 . Ba = 27-18 per 
cent. 


Calculated for Pound. 

(OgHjO^Ba. (C 8 H 9 0 3 ) s Ba. Mean. 

Ba.. 29 08 27*02 26*86 


On treating the substance with hydrochloric acid, dehydracetic 
acid is precipitated. 


A Copper Compound of Dehydracetic Acid. 

If dehydracetic acid is added to a solution of copper acetate in 
excess of strong ammonia, after standing for some time, a beautiful 
pink salt crystallises out in microscopic needles. This salt is very 
stable, not being decomposed even when boiled with sulphuretted 
hydrogen, but if hydrochloric acid be added, it is at once changed 
into ammonium chloride, copper chloride, and dehydracetio acid. 
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On analysis:— 

I. 0*3700 gram salt gave 22*8 c.c. of nitrogen at 16° and 768 mm. 


II. 0*499 „ „ 31*5 „ „ 15° „ 763 „ 

III. 0*5545 „ „ 0*0785 gram copper oxide. 

IV. 0*3465 „ „ 0*6480 gram CO 3 and 0*1470 gram H a O. 

Found. 

Calculated for t -*-, 

C^HcsOgNgCu. I. II. m. IV. 

C. 51*24 — — 51*00 — 

H. 4*45 — — 4*71 — 

N*. 7*47 7*28 7*37 — — 

On. 11*21 — — — 11*29 


The equation which accounts for the formation of the new com¬ 
pound would be:— 

SCgHgO^ “I* 3NHg -j- CuAcg — O^HggOgNjOu 4* 2HAc -I- 3HgO. 

Action of Hydrocyanic Acid on Dehydracetic Acid . 

These two substances seem to be without action on one another. 
Dehydracetic acid was warmed with a saturated alcoholic solution of 
hydrocyanic acid, and then allowed to stand for about three weeks; 
on evaporating the alcohol and hydrocyanic acid, the dehydracetic 
acid remained unchanged. 


LVIIL —Dibenzyl Ketone . 

By Sydney Young, D.Sc., Professor of Chemistry, University Col¬ 
lege, Bristol. 

Dibenzyl ketone, (CeByCB^OO, was prepared by Popow (Per., 6, 
560) by the action of heat on calcium phenylacetate. The substance 
was obtained in crystals melting at 30°, and its boiling point was 
320—321°. Calcium phenylacetate crystallises with 3 mols, H a O, of 
which 2| mols. are expelled at 100°; the remaining water is not 
easy to remove completely, for the salt becomes viscous if the tem¬ 
perature be raised quickly to about 130° in an ordinary copper air- 
bath, and in this condition the water is obstinately retained. When 
heated more strongly in the air, the salt darkens in colour, and 
evidently undergoes partial decomposition. In order to remove tho 

2x2 
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water as completely as possible, tlie temperature should be raised 
very gradually from 100° to 130°. 

A quantity of the dried calcium salt was first heated in a hard 
glass tube in a combustion furnace, a current of carbon dioxide being 
passed through the tube, and tbe temperature kept as low as possible. 
This method is, however, very tedious, and the product obtained was 
very far from pure; but by fractional distillation and crystallisation 
from ether, about 27 per cent, of the theoretical yield was obtained. 
The melting point of the pure product was 33'85°, and on distillation 
it boiled quite constantly. 

In order, if possible, to discover some better method of prepara¬ 
tion, the effect of heat on the calcium salt was more carefully studied. 
The salt, dried in the steam chamber, was placed in a bulb with a 
long neck, through which a current of carbon dioxide was constantly 
parsed, and it was heated by the vapours of pure liquids, with the 
following results:— 

At 130° water was expelled, but the salt did not melt. 

At 150° more water was expelled, and the salt melted, forming a 
colourless, very viscous mass. 

At 184° and 223° a very little water was expelled, and the salt 
frothed up slightly. 

At 284° a slight turbidity, and a very little discoloration, was 
observed. 

At 3oO° white fumes were evolved and condensed to a heavy oil* 
which solidified on the addition of a crystal of dibenzyl ketone. 
The quantity formed was very small, but after half-an-hour's 
heating the melted salt had become quite opaque. 

At 446° the ketone came over freely, and condensed as a clear 
liquid, colourless at firsts, but gradually becoming yellow, orange, 
and finally brown, as the distillation proceeded. The residue in 
the bulb consisted of calcium carbonate, together with a little 
dark, oily substance. 

From these results it appears that it is necessary to heat the 
calcium salt above 360°, but that a temperature of 450° should not be 
erceeded. 

The apparatus finally adopted is shown in vertical section in the 
diagram. 

The calcium salt, dried at 130°, was placed in the wide, cylindrical 
glass bulb A, sealed to the narrower tube B. This was heated in 
the flanged iron vessel, C, provided with the heavy iron cover D 
(this iron vessel had previously been employed by Dr. Richardson 
as a sulphur-bath, in his research on the dissociation of nitrogen per-* 
oxide). The tube B was provided with au iudiarubber cork, through 
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which the T-toibe E passed. A piece of barometer tubing, FF', 
enlarged conically at its lower end, passed through the "ptoh 0 and 
the tube B, and was attached to the "J"-tube by an ordinary cork, G, 


F' 



the temperature being too high to admit of an indiarlibber cork being 
employed The baiometer tube was bent, as shown in the diagram, 
after the X-^be an< ^ the cor ^ ® bad been placed m position. TIi< k 
vessel AB, containing the salt, was first placed in the bath, and the 
perforated iron cover passed over the tube B; the tubes E and F 
were then placed in position, and the vessel AB soenred by means of 
a retort stand and clamp. The iron bath, containing sulphur, rested 
on a tripod, and was heated by a Bunsen burner below and a couple 
of burners at the sides. A slow current of dry carbon dioxide was 
passed constantly through the apparatus, entering the X-tube F, 
passing between the tubes B and F, and finally escaping through the 
tube FF\ 

In this way, all vapour that was evolved from the calcium salt 
was forced into the barometer tube, where it condensed, and was 
carried into the receiver H. 

Tho heavy irou cover D never became heated to the boiling point 
of Hilphur, and acted as a very efficient condenser, the escape 
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of sulphur vapour being extremely small, and causing no incon¬ 
venience. 

This method possesses tlie following advantages :— 

(1.) Larger quantities can be heated than by the ordinary method, 
from 40—50 grams of the crude ketone being obtained in each opera¬ 
tion with the apparatus actually employed, and there seems no reason 
why a larger one should not give good results. (2.) The tempera¬ 
ture does not rise above 450°, and serious loss, owing to decomposi¬ 
tion of the ketone, is thus avoided. (3.) The condensed liquid is 
prevented, to a great extent, from flowing back into the hot bulb, and 
this seems to be of considerable importance, for the large surface of 
strongly heated calcium carbonate would otherwise cause a consider¬ 
able amount of decomposition. (4 ) The hot, condensed liquid does 
not come in contact with any cork or indiarubber. (5.) There is very 
little fear of breakage, for the bulb A is gradually and uniformly 
heated, and the hot liquid does not come in contact with any sealed 
joint, as in the ordinary distillation apparatus. (6.) A partial 
separation of the distillate into fractions is earned out in the pre¬ 
paration of the substance.* 

1 kilogram of phenylacetic acid should give 772 grams of ? 'benzyl 
ketone. In the actnal experiments, 928 grams of the acid (obtained 
from K&hlbaum) were converted into calcium salt and subsequently 
heated, but as the amount of acid was not far short of a kilogram, I 
have corrected all the weights of the ketone obtained to what they 
would have been if a kilogram had actually been employed. 

The distillate was collected in each operation in four fractions: the 
first?was nearly colourless, but contained some water; the colour of 
the second was pale-yellow, of the third brownish-yellow, and of tlu* 
last a deep reddish-brown. The second fraction solidified almost 
completely, the third contained some liquid after cooling, the fourth 
gave a considerable crop of crystals, hut the solidification was far 
from complete. 

The results obtained (calculated for 1 kilo, of acid) arc given 
below:— 

Fraction. I. II III. IT. Total. 

Weight in grams.. 36*5 289*5 273*0 120*5 719*5 

Melting point. not observed 29 5° 28*0° not observed — 

The first fraction was then pressed between filter paper in a copy¬ 
ing press; the second was gently warmed and the liquid poured off; 
the third and fourth were filtered by means of a filter pump. The 

* It is possible that stall better results might be obtained at a somewhat lower 
temperature with an air-bath of the form derised by Lothar Meyer. 
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quantities and melting points after this preliminary purification were 
as follows:— 


Fraction. I. II. III. IV. Total. 

Weight. 32*5 232*5 242*0 75*5 582*5 

Melting point. 32*6° 32*25° 31*4° 31*2° — 


The four fractions were melted together, a little ether added, and 
the ethereal solution allowed to crystallise slowly. Beautiful large 
crystals were thus obtained, and, after pouring off the mother liquor, 
these were melted again and recrystallised from ether, the process 
being repeated several times. Part of the ether from the mother 
liquors was in each case removed by distillation, fresh crops of 
crystals being thus obtained, and these were further purified by n- 
crystallisation from ether. 

The recrystallised product was finally distilled, and was found to 
boil quite constantly at 330*55° (corrected to 760 mm. at 0°). The 
melting point, obtained by immersing a thermometer in the solidify¬ 
ing liquid, was 33*9°. 

The weight of ketone obtained in this manner without any frac¬ 
tional distillation was 404*5 grams, or 52 4 per cent, of the theoretical 
yield. 

The filtrates from the original fractions III and IV, the liquid 
poured off from II, and the residual ethereal mother liquors were 
subjected to fractional distillation, and the purest fraction recrystal¬ 
lised from ether. In this way a further yield of 187 grams of the 
pure product, melting and boiling at the same temperature, was 
obta'ned. 

The total amount of pure ketone obtained was thus 591*5 grams 
out of & possible 772 grams, or 76*6 of the theoretical yield. 

The remaining distillatovS, after being pressed between filter paper, 
melted at 33*1° and weighed 26 grams. 

The residues in the bulb A weie treated with hydrochloric acid to 
dissolve the calcium carbonate (a little alcohol being added towards 
the end to complete the solution), and the dark, oily residues were 
separated from the solutions of calcium chloride. The total weight, 
after washing with water, and while still moist, was 77*5 grams. 

On distillation, the oil yielded small quantities of toluene, a liquid 
boiling, after purification, at 226—227° (corrected), about 12 grams 
of undecomposed phenylacetic acid, a little dibenzyl ketone (fraction¬ 
ated with the larger quantity of ketone), and a tarry residue. 

The liquid boiling at 226—227° was examined by Mr. R. M. 
Prideaux and Mr. G. L. Thomas in this laboratory, with the following 
results:— 
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Analysis of the Liquid. 


Observed. Calculated for 

f -*—-^ C, 0 IIi 2 O 2 . 

Garbo d... •.. 73*36 73*13 73*17 

Hydrogen. 7*83 8 01 7*32 

Oxygen..... . 18*81 18 86 19*51 


Vapour Density by V. Meyer's Method . 
Observed, 81 6 and 83*3. Calculated for CioH 12 0 2 , 82*0. 


LIX .—On the Vapour Pressures of Dibenzyl Ketone. 

By Sydney Young, D.Se., Professor of Chemistry, University College, 

Bristol. 

In order to obtain eon >tant temperatures above 280°, the vapour of 
mercury boiling under known pressures may be employed, but there 
are serious objections to this substance, and it seems doubtful whether 
absolutely accurate results can always be obtained with it. Up to 
306° benzophenone may be employed, and this substance is strongly 
recommended by Crafts {Artier. J. 8cL , 5), but the range of tem- 
perature above 280° is small. 

It seemed probable that dibenzyl ketone might give good results, 
and I have therefore prepared some of this substance by a method 
described in the preceding paper; 

The boiling point of dihenzyl ketone is 330*55° under normal 
pressure ; there is thus a convenient range of temperature—just Si) 5 
—between the boiling points* of this substance and of bromonapk- 
thalene. 

The ketone is a stable substance, for after several hours heating at 
temperatures between 260° and 330°, no alteration in the boiling 
point was observed. It is true that a little decomposition had taken 
place, for the ketone was no longer colourless, and on subsequent 
distillation the temperature, though very nearly constant for some 
time, did not remain so throughout. The rise of temperature was 
0*3° after about three-fourtbs of the substance had distilled over; 
afterwards the rise was more rapid, and a little tarry liquid was left 
in the bulb. The product of decomposition possesses, however*, a 
higher boiling point than the ketone, and was not present in sufficient 
quantity to affect the temperature of the vapour above the liquid 
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while the measurements were bemg made. The first and second 
series of determinations were made with different samples of the 
ketone, which were afterwards mixed together, and a portion of this 
was employed for the third and fourth series. Tho last series of 
determinations was therefore made with a portion of the ketone 
which had been boiled under various pressures for several hours, but 
the results agreed perfectly with those previously obtained. 

The low melting point, 33'9°, of the ketone is also convenient, 
whilst, on the other hand, the readiness with which it crystallises 
from ether greatly facilitates its purification. Dibenzj 1 ketone may 
therefore be recommended for obtaining constant temperatures 
between 280° and 330°. 

In the determinations of the vapour pressures of the substance, 
temperatures from 230° to 280° were read on an ordinary thermo¬ 
meter, standardised by means of bromonaphthalene. For highei 
temperatures a mercury vapour pressure thermometer was employed. 

In the first two series of determinations the liquid was boiled in a 
slightly modified distillation bulb, the neck of which was sufficiently 
long to allow of the whole of the mercury in the thermometer being 
heated by the vapour. The lower part of the neck of the distillation 
bulb was covered with asbestos, to reduce the loss of heat by radiation. 

The apparatus employed for the higher temperatures was similar 
to that described by Dr. Ramsay and myself (Trans., 1885, 47, 651). 
The tube in which the ketone was boiled was 510 mm. long, and 
41 mm. in internal diameter. At each temperature from two to six 
readings were, as a rule, taken, and the mean results are given in the 
tables. 

In calculating the temperatures, the vapour pressures of mercuiy 
determined by Ramsay and myself (Trans., 1885, 49, 37) were first 
employed, but it seems probable that, owing to an error in Regnault’s 
determination of the boiling point of sulphur, the vapour pressures of 
mercury, which at high temperatures depend on those of sulphur, 
require some alteration. The point is discussed in a paper on tlio 
Vapour Pressures of Mercury, 

The temperatures under the heading “ corrected '* have been finally 
adopted. 

The pressnres are in millimetres of mercury at 0°, and the tempera¬ 
tures are those of an air thermometer. 

Experimental Results. 

Temperatures with Ordinary Thermometer. 

Seties L —Sample of ketone obtained by heating calcium phenyl- 
acetate in a combustion tube. 



628 THE VAPOUR PRESSURES OF DIBENZYL KETONE. 


Temp. 

Pressure. 

Temp. 

Pressure. 

Temp. 

Pressure. 

280*55 

232*85 

236*05 

240*2 

244*3 

60*3 

64*95 

71*5 

81 *15 

91 *8 

249*1 

253*1 

257*85 

262*55 

266*6 

105*6 

118*7 

136-1 

155*0 

178 *25 

270-35 

274-45 

278-0 

191*7 

213*5 

234*2 

Series II. — Sample of the ketone obtained by new method. 

237-55 

242-0 

246-35 

250 6 


254-95 

258-63 

262-8 

266-7 

125 *35 
139 *2 
156*5 

174 05 

gj 


Temperatures with Mercury Va/pour-pressure Thermometer. Seizes I 

Temp. 

Corrected. 

Pressure. 

Temp. 



260*65 

265*8 

270*25 

276*95 

284*65 

260-8 

265-8 

270-3 

276-85 

284-55 

147-9 

369*75 

192*25 

227*5 

276-0 

293-55 
303-3 
317-4 
330 8 

293*4 

303*0 

316*85 

330*1 

338*3 
422*3 
570 8 
746 45 


Series IT. 


261 0 

261*1 

150 *6 

209 *95 

299-7 

392-1 

268*9 

268*7 

183 35 

308-35 

307 95 

471*5 

274*35 

274*25 

213-1 

314*55 

314*1 

537-2 

282*8 

232 75 

262-7 

322*15 

321*55 

0*30-1 

288*9 

288*7 

304 6 

330*85 

330*1 

747-8 


The agreement between the four series of results is very satisfac¬ 
tory. 

The logarithms of the pressures were mapped against temperatures, 
and the logarithms of pressures corresponding to even temperatures 
read off. Constants for Biot’s formula (log p = a + bat) were then 
calculated, and from these the pressures corresponding to definite 
temperatures—each 10° from 230° to 330°, and each degree from 280° 
to 332°—were calculated. 

The constants for Biot’s formula are— 
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a = 4*75779, 

b = -2*981088 log b = 0*4748748, 
log a = 1-9980014, 
t = t° 0.- 230. 

The calculated pressures are given in the following tables:— 

I. 


Temp. 

Press. 

Temp. 

Press. 

Temp. 

Press. 

Temp. 

Press. 

230 

59-80 

260 

144*90 

290 

318-3 

320 

613-2 

240 

81*45 

270 

189-65 

300 

396-0 

330 

752-0 

250 

109*35 

280 

245 -20 

310 

495-2 

— 

— 


II. 






Temp. 

Press. 


Press. 

280 

245 *2 

294 

844-5 

308 

474-0 

322 

639-3 

281 

251 4 

295 

852 -7 

309 

484*5 

323 

652-6 

282 

257-7 

296 

361-1 

310 

495-2 

324 

666 2 

283 

264-2 

297 

369 -6 

311 

506*2 

325 

679 -9 

284 

270-8 

298 

878-2 

812 

517*3 

„ « 

693-0 

285 

277-5 

299 

387-0 

313 

528-6 

327 

708-1 

286 

2*4-4 

300 

396-0 

314 

540-1 

328 

722 5 

287 

291-4 

301 

405 -1 

315 

551 -8 

329 

737-2 

288 

298 *5 

802 

414 *4 

316 

563*6 


752*0 

289 

305*8 

303 

423-9 

317 

575 -7 

331 

767 2 

290 

313*3 

304 

433 -6 

3L8 

588*0 

332 

782-5 

291 

320-9 

305 

443*4 

319 

600 -5 


_ 

292 

328 *6 

306 

453 -4 

820 

613-2 

— 

— 

293 

336*5 

307 

463-7 

321 

626-2 

— 

— 


LX .—The Vapour Pressures of Mercury, 

By Sydney Young, D.Sc., Professor of Chemistry, University 
College, Bristol. 

In the determinations of the vapour pressures of mercury (Ramsay 
and Young, Trans., 1886,49,37), the highest temperature was obtained 
by heating the metal with the vapour of boiling sulphur, and in cal¬ 
culating the results the boiling point of sulphur given by Rcgnault 
(Me moires, vol. 26) was taken as correct. Callendar and Griffiths have, 
however, recently redetermined the boiling point of sulphur with an 
air thermometer, and have found it to boil at a temperature nearly 4° 
lower than Regnault did. Their experiments have evidently been 
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carried out with great care, and they point out that Rcgnanlt himself 
did not place very great confidence in the values he obtained. 

Again, the boiling point of mercury determined by Callcndar and 
Griffiths by their platipum thermometer, calibrated by means of an 
air thermometer, is nearly 2° lower than that given in the paper 
referred to. 

I have employed the vapour of mercury as a jacket in the deter¬ 
mination of the critical temperatures and pressures of chlorobenzene 
and of stannic chloride (not yet published) and in both cases the 
temperature appeared to be rather too high. In the case of stannic 
chloride, constants could not be calculated for Biot’s formula which 
would reproduce both the pressures at 240—280° (determined by 
means of bromonaphthalene) and those at 310 and 320°, in the deter¬ 
mination of which mercury was employed. It has been pointed out 
iu various papers by Ramsay and myself that errors in the determina¬ 
tion of the vapour pressures of a substance may be discovered by 
comparing the absolute temperatures with those of a second substance 
at tbe same series of pressures. The ratios of the absolute tempera¬ 
tures mapped against the temperatures of one of the two substances 
should give a straight line, at any rate for a moderate range of 
pressure, and if there is pronounced curvature it may be concluded 
that the vapour pressures of one or other substance require correc¬ 
tion. The existence of considerable errors in Regnault’s vapour 
pressures of mercury and in Landolt’s vapour pressures of the fatty 
acids was discovered in this way. 

On the other hand, it may, of course happen that a straight line is 
obtained even when the determinations are faulty, for the errors may 
be of such a nature as to give a straight line somewhat different in 
direction from the true one. This appears to be the case with 
sulphur, for the ratios of the absolute temperatures, as determined 
by Regnault, to those of carbon bisulphide under equal pressures, do 
give a straight line when mapped against the temporaturos of carbon 
bisulphide. 

The ratios of the absolute temperatures of dibenzyl ketone to those 
of both water and benzene give very decided curves if the vapour 
pressures of mercury given in the paper referred to be taken as 
correct. 

All these facts point to the conclusion that the vapour pressures of 
mercury based on Regnault’s boiling point of sulphur are too low at 
high temperatures, in other words, that the boiling points are too 
high. 

The calculations of the vapour pressures of mercury, made by 
Ramsay and myself, wore based on the following experimental 
data:— 
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1. Direct determination of \apour pressures of mercury in a 
U-tube closed at one end and connected at the other with a gauge 
and barometer The tube, containing mercury, was heated with 
bromonaphthalene under atmospheric and reduced pressure, and with 
methyl salicylate under atmospheric pressure. 

2. Regnanlt’s determinations of the boiling point of mercury under 
atmospheric pressure. 

3. Direct determinations of vapour pressure at the boiling point of 
sulphur in a special apparatus. 

1. In the case of methyl salicylate there may be a small error, for 
this substance has not been found to give such good results as the 
other pure liquids (Ramsay and Young, Trans , 1885, 47, 640) and I 
have recommended the employment of quinoline in place of it (Trans., 
1889, 55, 483). 

The pressures at 270° and 280° with bromonaphthalene are in all 
probability very nearly correct, for this substance has been repeatedly 
used for heating purposes, and the results obtained do not point to 
the existence of any error, or at most an extremely small one at these 
temperatures 

2. Regnault’s boiling points of mercury are far from satisfactory, 
the difference between the highest and lowest results amounting to 
nearly 2°. 

3. The determinations of the boiling point of sulphur, and also of 
mercury, by Callcudar and Griffiths may probably be taken as the 
best yet obtained, and I have, therefore, made use of them in the 
new calculations. 

On account of the possibility of error with methyl salicylate I have 
determined the vapour pressures of mercury with quinoline and with 
aniline, boiling under atmospheric pressure, by the same method as 
that previously employed. The results, each of which is the mean 
of a considei able number of readings, are given in the table below. 

Calculated from 
tables by 

Temperature. Pressure. Ramsay and Young. 


Aniline.. 183*8 9 94 + 0*0831 

Same with larger > 9*80 

apparatus. 183*7 9*85 + 0*046 J 

Quinoline. 236*9 51*83 ± 0 06 52*30 


These results show that at low temperatures the results given ia 
the tables require very little alteration. 

Ratios of the absolute temperatures of mercury to those of water 
at equal pressures were then calculated and mapped against the 
temperatures of water. The points so obtained fall very nearly on a 
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straight line, and the absolute temperatures of mercury are repro 
duced very well by the following formula:— 

R = 1*6004 + 0*000882*, 

where R is the ratio of the absolute temperature of morcury to that of 
water at any pressure, and t is the temperature of water on the centi¬ 
grade scale at the same pressure. 

A comparison is given below of the temperatures of mercury given 
by this formula with the data obtained experimentally, including the 
boiling point of mercury determined by Oallendar and Griffiths, and 
the results by Dr. Ramsay and myself with sulphur, recalculated on 
the basis of Caller) dar and Griffiths’ boiling point of that substance. 


Press. 

Absolute 
temp, of 
water. 

Ratio cal¬ 
culate 
from 
formula. 

Calculated temp, of 
mercury. 

Observed 
temp, of 
mercury. 

Differences. 

Temp. 

Press. 

Absolute. 

Cent. 

9 87 

284*1 


457-45 

184*45 

183*75 

-0*7 

+0*23 

34-4 

304*5 

1*6282 

495*8 

222*8 

222 *15 

-0*65 

+ 0*65 

51-86 

311 *95 

1*6348 

509-95 

236-95 

236 *95 

0*0 

0*0 

124-85 

329*2 


543-2 

270-2 

270*3 

+0*1 

—0*8 

157 15 

334*2 

1*6544 

552-9 

279-9 

280*2 

+0*8 

-1-1 

760-0 


1*6886 

629-85 

356-85 

356*70 1 

-0 09 

+ 1*2 

2896-9 

415-25 

1*7259 

716-7 

448-7 

443*15 

-0*55 

+20*7 

2C04-5 

415 85 

1*7260 

716-9 

443-9 

444*15 

-t 0 *25 

-9*4 


For temperatures between 236° and 444°, the results given by the 
above formula are very good; but at lower temperatures the vapour 
pressures given in the paper by Dr. Ramsay and myself agree rather 
better with the observed values. 

The formula R = 1*6004 + 0*000882* has been employed in cal¬ 
culating the temperatures of dibenzyl ketone, given in the tables in 
the paper on the vapour pressures of that substance under the head¬ 
ing “ Corrected.” The ratios of the corrected absolute temperatures 
of dibenzyl ketone to those of water at the same pressures give an 
approximately straight line, very much better than that obtained 
with the uncorrected values. 

The temperatnres of dibenzyl ketone given by the formula 
R = 1*5842 + 0*00032832 

(where t is the temperature of water in centigrade degrees), are com¬ 
pared in the following table with those calculated by meaus of 
Biot’s formula at the same pressures:— 
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Temperature. 


Pressure. 


i 

Difference. 


Biot 

From ratios. 


70 

235*05 

234*8 

-0*23 

100 

246*9 

246 *9 

0*0 

150 

261*25 

261*25 

0*0 

200 

272*05 

272-45 

+ 0*4 

300 

288*2 

288-4 

+ 0*2 

500 

310*45 

310"55 

+0*1 

760 

330*55 

330 -15 

-0*4 


Tlie vapour pressures of mercury were recalculated for each 10° 
from 180° to 480°, and for each degree from 330° to 360° by means of 
the formula 

R = 1*6004 + 0*000882/, 

which may be converted into 

t = ynSMT' + 594055 - 1043*75, 

where t is the centigrade temperature of water corresponding to an 
absolute temperature, T', of mercury at the same pressure. The 
temperature of water, Z, being calculated, it is only necessary to refer 
to a table of the vapour pressures of water to find the required 
pressure. 

The results are given in the following tables:— 


Table of Vapour Pressures of Hercui'y. —1. 


T. 

P. 

T. 

P. 

T. 

P. 

D 

P. 

180 

8*41 

260 

96-46 

340 

539*1 

420 

2083-0 

190 

11*98 

270 

124*0 

350 

672-5 

430 

2402*5 

200 

16*81 

280 

157-8 

360 

803 *7 

410 

2757*0 

210 

23 *22 

290 

198-9 

370 

951 7 

450 

3150*5 

220 

31 64 

300 

248-6 

380 

1127*5 

460 

3586*0 

230 

42*56 

310 

308-0 

390 

1825*0 

470 

4067*0 

240 

56*55 

320 

378-5 

400 

1548*5 

480 

4596 *0 

250 

74*26 

330 

461-7 

410 

1801*0 

— 

— 
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TI. 


T- 

P. 

T. 

P. 

T. 

D 

T. 

P. 

830 

461 -7 

338 

538-4 

346 

625*1 

354 

722-7 

331 

470-8 

339 

548 ‘6 

347 

636*7 

855 

735-7 

332 

480 0 

340 

559*1 

348 

648*4 

356 

749-0 

333 

489'3 

341 

569-7 

349 

6(50-4 

357 

762 -3 

334 

498-8 

342 

580 4 

350 

672-6 

358 

775-9 

335 

508*5 

343 

591-3 

351 

681-8 

359 

789-7 

336 

518-3 

344 

602-4 ! 

352 

697-3 

360 

803-7 

337 

528*3 

345 

613 -7 

353 

709-9 




Note by William Ramsay, Ph.D., F.R.S. 

Professor Young has kindly sent me this note for rovisal and 
criticism, on the ground that the former determinations were made 
by both of us, and that an alteration in the results should have the 
assent of both authors. I am convinced that, owing to the more 
accurate determination of the boiling point of sulphur at normal 
pressure made by Messrs. Callendar and Griffiths, the alterations in 
the numbers for the vapour pressures of mercury suggested in the 
foregoing paper are necessary. This affords another instance of the 
danger of accepting Regnault’s data without criticism. Iu spite of 
the very great care he expended, the results of his investigations are 
by no means perfect, and further revision will doubtless lead to the 
discovery of other inaccuracies. 


LXL —Action of Nitric Acid on Anthracene . 

By A. G. Perkin. 

The behaviour of anthracene towards nitric acid has been made the 
subject of repeated investigation at the hands of chemists, in every 
case with the same result, that anthraquinone, or oue of its deriva¬ 
tives, is formed, instead of nitro-derivatives of anthracene. The 
reason for this lies in the fact that anthracene is more readily oxidised 
than nitrated, and, therefore, when treated with nitric acid, the 
hydrocarbon is at once converted into anthraquinone, and this, by the 
further action of the acid, then yields the well-known nitx*o-anthra- 
quinones. 
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In the course of a series of experiments on anthracene derivatives, 
on which I have been engaged for some time, I had occasion to in- 
vestigate again the action of nitric acid on this hydrocarbon, and I 
thus obtained a number of interesting results, a short account of 
which I beg to lay before the Society. 

Several of the substances obtained in this investigation are closely 
allied to, and, in some cases, identical with, a series of derivatives 
obtained by Liebermann and Lindemann (Her., 13, 1585) and 
Liebermann and Land shot? (Her., 14, 467), and, in order to explain 
the connection between these somewhat complicated derivatives, I 
think it would be convenient to give a short summary of the results 
obtained by these chemists. When dihydroanthracene is treated with 
nitric acid in acetic acid solution, a colourless, crystalline substance, 

hydranthracene nitrite, ^>OeH 4 , is produced. This sub- 

stance, when boiled with dilute potassium hydrate solution, is decom¬ 
posed, with formation of nitrosonitroanthrone , 

CeH ‘<c(KO)(]sro i )> 06Hl ’ 

and nitroso-oxanthranol, C 6 Hi<Q!> C 6 H 4 . A solution of 

anthracene in acetic acid, saturated with nitrogen trioxide, deposits, 
on standing, a precipitate of anthracene nitrate , 

whereas, if nitrogen tetroxide is employed in the place of the trioxido, 

a substance CuHjoNjO* = O e H»<Q^Q^£jjQj> 0 »H l is produoed, 

which is isomeric with liydranthraceno nitrate. 

Alkalis decompose anthracene nitrate, with formation of nilroso- 

_QQ_ 

anthrone, C 6 H 4 < 0 g^Qj]>CaH 4 , andnitrosohydranthrone, 

The results obtained in my investigation of the action of nitric 
acid on solutions of anthracene are, briefly stated, the following:— 
When a solution of anthracene in nitrobenzene is treated with 
fuming nitric acid, the piincipal products of the reaction are a beauti¬ 
ful, yellow substance CuH 8 N a 04 , which melts at 202 °, nitroso- 

anthrone, CeH 4 <Qg^Qj>CoH 4 , and anthraquinone. The substance 

CuHsNaO* was at first thought to be dinitroantliracene, as, although 
VOL. iix. 2 Y 
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it has the same composition and similar properties to Liebermann 
and Landshoff’s nitrosonitroanthrone, its melting point is 30° higher 
than they ascribed to the latter. 

At a later stage in these experiments, it became necessary to pre¬ 
pare a considerable quantity of nitrosonitroanthrone, and, in purify¬ 
ing this carefully, a product was ultimately obtained which melted at 
288—290°, and was, evidently, identical with the substance OuH^O* 
obtained by me as described above. 

It seems probable that, in the formation of nitrosonitroanthrone 
by the action of nitric acid on anthracene, nitrosoanthrone is first 
produced, and then, by the farther action of nitric acid, it is con¬ 
verted into nitrosonitroanthrone, thus :— 

CA<Jj|>GA + HNO s = O^cipo^O* 04 + H * a 

+ HNOj = C 6 H 1 <[Q^Q^|.^o)^ > C'6F i + H s O. 


This hypothesis is supported by the fact that not only is nitvoso- 
anthrone present in the product of the action of nitric acid on an¬ 
thracene in nitrobenzene solution, but that this substance, when 
acted on by nitric acid, as is shown in the body of this paper, is 
almost quantitatively converted into nitrosonitroanthrone. Con¬ 
versely, nitrosonitroanthrone, when subjected to the action of alkaline 
reducing agents, such as sodiam sulphide, is reconverted into nitroso- 
anthrone. 

Very interesting results were obtained in the study of the action 
of nitric acid on a solution of anthracene in a mixture of 2 parts of 
nitrobenzene and 3 parts of alcohol. In this case the reaction pro* 
ceeds quite differently : a beautiful, colourless, crystalline substance 
is produced which has the composition GmHmNOj (= CiilIiojC^HshTO,), 
and the constitution of which is probably represented by the formula 


rt tt ^CH(OC 2 HfiV p tx 

c ^<-OH(N0 2 )-> 0ci±4 * 


This substance, for which I propose the name anthracene ethyl 
nitrate , is probably the ethyl derivative of anthracene nitrate, 

,CH(OH), 


°« H ‘<OH(Noi> 0,H ‘* 


When boiled with hydrogen iodide solution, anthracene ethyl 
nitrate is readily decomposed, with formation of ethyl iodide and 
anthracene dihydride. Boiling alkalis convert it into a substance 
CuHJTOs, which is isomeric with nitrosoanthrone, 

CaHi<c H ^0) 
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and also with isonitrosoanthraqninone, C 8 H 4 <C ^^>CeHi, and 
which, very probably, has the constitutional formula 

< »<8SS> >Wfc 

The decomposition of anthracene ethyl nitrate by alkalis may 
therefore be represented by the following equation:— 

+ K0H = 

+ W<E>C* + H.0 + 2C.H.-OH. 

Pseudonitrosoanthrone. 

This new substance, for which I propose the name pseudonitroso- 
anthrone, dissolves in alkalis, forming a deep orange-yellow solution; 
with acetic anhydride, it yields a well-characterised monacetyl deriva¬ 
tive, C u H 8 (0C 2 H 3 0)NO. When treated with ammonia, or boiled 
with dilate sulphuric acid, anthracene ethyl nitrate is converted 
almost quantitatively into nifcrosoanthrone. 

A compound similar to anthracene ethyl nitrate is produced when 
methyl alcohol is substituted for ethyl alcohol in the above reaction. 
This has the composition ChH 10 (C H 3 *N0 3 ), and is decomposed by 
alkalis exactly in the same way as the ethyl compound, yielding 
nitrosoanthroue and pseudonitrosoanthrone. 

In stadying these results by the side of those obtained by Lieber- 
manu and others, one cannot but be struck with the great reactive 
capacity of the centre portion of the anthracene molecule as distin¬ 
guished from that of any other hydrocarbon which has as yet been 
investigated. Experiments are in progress by means of which it is 
hoped that this centre portion of the anthracene molecule may be to 
such a degree weakened that by some simple means a severance of 
the two benzene nuclei from the intervening portion may be brought 
about, in which case results of theoretical importance as bearing on 
the question of the constitution of anthracene might be expected. 


Action of Nitric Acid on Anthracene in the Presence of Nitrobenzene . 

In studying this action, finely powdered, pure anthracene was added 
in small portions at a time to a mixture of 1 part of fuming nitric 
acid, sp. gr. 1*5, and 2 parts of nitrobenzene. The anthracene 
quietly dissolved, and after a small quantity had been added, small, 
yellow needles began to appear in the solution. The addition of 
anthracene was continued until the whole had become of the con- 

2 t 2 
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bistency of a thin paste, but not longer, as in that ease it was found 
that the resulting product was difficult to purify. During this addi¬ 
tion, care was also taken to avoid rise of temperature. The whole 
was then thrown on to a funnel plugged with glass wool, and the 
filtrate placed aside for further investigation. The residue on the 
filter was washed two or three times with glacial acetic acid, then 
with alcohol, and dried. It consisted of a lemon-coloured mass of 
fine needles, and was further purified by one or two crystallisations 
from coal-tar naphtha with the aid of animal charcoal if necessary. 

On analysis, numbers were obtained agreeing with the formula 

CmHfrNiO*:— 

I. 0 2091 gram substance gave 0*0599 gi*am H 2 0 and 0*4812 
gram 00 2 . 

II. 0*1653 gram substance gave 0*0480 gram H z O and 0*3818 
gram C0 2 . 

III. 0*2394 gram substance gave 20*75 c.c. H.; temp. 8 5°; bar. 
762*5 mm. 

Pound. 

Theory. iT II. III. 


C. 62*99 62*77 62*99 — 

H. 2*99 3*18 3*22 

N. 10*44 — — 10*57 


This snbstance may also he prepared: a .—By the addition of 
anthracene to a mixture of 1 part of fuming nitric acid and 2 parts 
of pyridine neutralised with nitric acid. The details of preparation 
are similar to those given above. 

—By the addition of anthracene to cold nitric aoicl which had 
been purified by boiling with nitrate of urea. In this case the 
anthracene did not appear to dissolve in the acid, and the product 
remained sa&pended iu the liquid as a yellow mass. 

c .—By the addition of anthracene ethyl nitrate to a mixture of 
fuming nitric acid and nitrobenzene. 

This substance, when prepared by either of these methods and 
very carefully crystallised from coal-tar naphtha, forms fine, long, 
yellow needles, often more than an inch in length, under the micro¬ 
scope showing a striated appearance resembling that of nitrate of 
potassium. It is less soluble in coal-tar naphtha than anthraquinone, 
a property which renders it easy of separation from the latter, which 
is always formed tp some extent during the reaction. It is mode¬ 
rately soluble in hot aniline or nitrobenzene, and slightly soluble in 
hot alcohol, acetic acid, and benzene. It melts at 288—290°, and at 
higher temperatures, if carefully heated, sublimes unchanged with 
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little or no carbonisation, but if superheated it suddenly decomposes 
with the formation of a cloud of black vapour, in this respect re¬ 
sembling the nitroanthraquinones. On exposure to sunlight, it slowly 
decomposes, the crystals being observed after some weeks to gradu¬ 
ally curl up and become opaque, and on examination the product is 
found to consist of anthraquiuone. Bromine has no action upon it in 
the cold, and it does not form a compound with picric acid. Cold 
sulphuric acid has no action upon it. When a solution of chromic 
acid was added to the substance suspended in glacial acetic acid, the 
mixture boiled for a few minutes, and water added, a white, crystal¬ 
line precipitate was formed. This, after further purification, was 
obtained as white needles melting at 278°, and. having all the pro¬ 
perties of anthraquinone. 

When added to strong fuming sulphuric axdd, an energetic reaction 
took place. Water added to the product threw down a dirty white 
precipitate, which, after two or three crystallisations, appeared as 
white needles, consisting of pure anthraquinone. As stated in the 
introduction, this substance is evidently identical with nitrosouitro- 

anthrone ,, C 6 H 4 <^^^^ )^>C 6 H 4 , obtained by Liebermann and Lands- 

hofE by the action of alkalis on hydroanthracene nitrite. 

The acid filtrate from the above substance, when treated with water 
and allowed to stand for a few days, became semi-solid owing to the 
separation of a crystalline compound. This was collected, pressed, 
and the residue crystallised two or three times from benzene. The 
product consisted of white needles melting at 278°, and having all 
the properties of anthraquinone. 

In some cases when a larger quantity of anthracene than usual 
was added to a mixture of nitric acid and nitrobenzene without caro- 
fully cooling, a crystalline precipitate was obtained, and this was 
treated in the manner previously described. It was found to consist 
of a mixture of three substances, namely, nitrosonitroanthrono, 
anthraquinone, and a substance whose solubility in coal-tar naphtha 
was between the two. The yellow precipitate was first crystallised 
from this solvent to free it from anthraquinone, and the resulting 
crystalline mass very carefully fractionally crystallised from an excess 
of this solvent. The separation of these two substances presented no 
difficulty, as the point at which either commenced or finished crystal¬ 
lising was very sharply defined. 

On analysis, the following numbers were obtained:— 

I. 0T400 gram substance gave 0*0570 gram H*0 and 0*3872 gram 
CO*. 

II. 0*1563 gram substance gave 0*0509 gram H*0 and 0*4302 gram 
CO*. 
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These numbers give the percentages required for the formula 

CuHgNOg. 

Found. 

t - A -■\ 

Theory. I. II* 


C. 75*24 75*03 75 43 

H... 4*03 4*04 4*04 


This substance melts at 146° and is evidently identical with the nitro- 
soanthrone, C 6 H 4 < obtained by Liebermann and 

Lindemann (Ser., 13,1565) by the action of alkalis on anthracene 
nitrate, C 1 JET 10 HN'O lJ . 


Action of Sodium Sulphide on Nitrosonitroanthrone. 

When this was added to a boiling solution of sodium sulphide in 
alcohol, it quickly dissolved, forming a fine, red-violet solution, 
which, after a short digestion, gave no precipitate on the addition ot 
boiling water. Hydrochloric acid, added to this solution, caused the 
formation of a heavy, brownish-yellow precipitate, which was collected 
washed, and dried. The resulting brownish-yellow powder was then 
digested with hot alcohol to which a few drops of aqueous potash had 
been added, and filtered. The filtrate, on cooling, deposited small, 
brownish-orange needles, which were collected, washed with hot 
alcohol and water, dried, and crystallised two or three times from 
acetic anhydride or alcohol. The yield of this substance was small, 
and from the residue insoluble in alcoholic potash no definite com¬ 
pound has been isolated. 

On analysis, the following numbers were obtained :— 

I. 0-1318 gram substance gave 0*0532 gram OH* and 0**3620 gram 
CO*. 

II. 0-1650 gram substance gave 0 0628 gram OH* and 0*4529 gram 

00 8 . 


These numbers give percentages agreeing with the formula CuHqOj. 


Theory, 

c w h 9 no 3 . 

C. 75-34 

H. 4*03 


Found. 

£ 51 

74 91 74-80 

4-48 4-22 


" As thus obtained, it forms long, orange-yellow needles, showing a 
striated appearance under the microscope. It is very soluble in 
benzene and carbon bisulphide, somewhat less so in acetic anhydride 
and acetic acid, and only moderately in alcohol. It melts to an 
orange coloured liquid at 146°. When added to cold sulphuric acid, 
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a dirty green solution is produced which, turns black when heated; 
the addition of water then throws down a black, carbonaceous precipi¬ 
tate. Earning nitric acid attacks it violently with evolution of red 
fumes and formation of anthraquinone. When chromic acid is added 
to its solution in acetic acid, it reacts violently with formation of 
anthraquinone. 

This substance is obviously identical with nitrosoanthrone, 

C 6 H 4 <CQ2 (NO) ^CbH*, obtained by Liebermanu and Lindemann 

(Ber., 13,1585) by treating anthracene nitrate or nitrite with alkalis. 
In the formation of this substance by the action of sodium sulphide 
on nitrosonitroanthrone, it is probable that an intermediate substance, 



, is first produced which dissolves in alkalis 


with a violet colour, and is readily oxidised on exposure to air with 
formation of nitrosoanthrone. This is borne out by the fact that 
nitrosoanthrone, although itself insoluble in alkalis, readily dissolves 
in the presence of a reducing agent with the formation of a violet 
solution. 


Action of Nitric Acid on Nitrosoanthrone in the presence of Nitre - 

benzene . 

In order to afford additional proof of the constitution of nitroso¬ 
nitroanthrone, the action of nitric acid on nitrosoanthrone was care¬ 
fully investigated. 

When nitrosoanthrone is added to a mixture of fuming nitric acid 
and nitrobenzene, it slowly undergoes change, without, however, 
passing into solution. The addition of this substance was continued 
until the whole became of a pasty consistency, and the product was 
then filtered through glass wool, the residue washed with acetic acid 
and alcohol, and dried. The lomon-coloured mass which, on examina¬ 
tion, appeared as minute needles, was further purified by crystallisa¬ 
tion from coal-tar naphtha. 

On analysis, the following results were obtained:— 

0*1614 gram substance gave 0*0448 gram H a O and 0*3717 gram 
CO*. 

These numbers give percentages agreeing with the formula re¬ 
quired for nitrosonitroanthrone. 

Theory. 

0i4H 8 N s 0 4 . Found. 


C. 62*69 62*80 

H.. 299 3*08 
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As thus obtained, it consisted of long, orange needles sparingly 
soluble in boiling acetic acid and coal-tar naphtha. It melted at about 
240—292°. The formation of nitrosonitroanthrone by the above re¬ 
action may be represented by the equation 

G„H 1 < 0 g ( ,^. 0 ^>C 6 H 1 + HNOa = C6H 1 < 0 ^ N Q^ N -Qj>0 6 H t + H.O. 

Action of Nitric Add on Anthracene in the presence of Alcohol and 

Nitrobenzene . 

If finely divided anthracene is added to a mixture of 1 part of 
fuming nitric acid, 2 parts of nitrobenzene, and 3 parts of alcohol 
by volume, it slowly dissolves in the cold, but much more readily 
if very gently heated. 

In studying this reaction, the addition of anthracene was continued 
until a sample of the product set to a pasty mass of crystals on cooling. 
The whole was then rapidly filtered to free it from any traces of un¬ 
dissolved anthracene, the solntion thoroughly cooled, and the crystals 
which separated collected, washed two or three times with a little 
alcohol, and strongly pressed. It was then further purified by two or 
three crystallisations from alcohol. 

On analysis, the substance dried at 60° gave the following 
numbers:— 

I. 0*2816 gram substance gave 13*1 e.e. N; t = ] 2°; bar. 740mm. 

0*1745 gram substance gave 0*0913 gram H 2 0 and 0 4580 gram 

OO a . 

II. 0*1557 gram substance gave 0*0770 gram H^O and 0*4090 gram 

CO a . 

III. 0*1197 gram substance gave 0*0602 gram H&0 and 0*3138 gram 

CO®. 

IV. 0*1737 gram substance gave 0*0870 gram H a O and 0*4577 gram 

COj. 

Y. 0*1664 gram substance gave 0*0826 gram H>0 and 0*4378 gram 

00 2 . 

These numbers give percentages agreeing with the formula 
C 14 H 10 , C 2 H 5 H O 3 . 

Theory for 

OwH^CaHaNO,. L II. in. IV. V. 


0 . 71*4 71*58 71*64 71*49 71*87 71*75 

H. 5*6 5*81 5*49 5*59 5*56 5*51 

N. 5**2 5*40 — _ _ — 


The determination of the molecular weight of this substance by 
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Eaonlt’s method gave the follow ing numbers, agreeing fairly well with 
the formula C 1 4 H 10 ,C 2 H fi NO 3 . 


Substance taken... 1*0422 grams. 

Acetic acid „ ... 75*6 „ 

Melting point of the acetic acid. 14*75° C. 

„ the mixture. 14*53 „ 

Depression of the melting point.. 0*22 „ 

Molecular weight of the substance found from the 

above data.. 244. 

Theory for CuH^C^NO,. 269. 


As stated in the introduction, this new substance is a compound of 
anthracene with the elements of ethyl nitrate, and from a study of its 
properties it is probable that it has the constitution 


p -nr .CH(OC a H,Kp rr 

C ^<-CH(N0 2 )- >C6H4> 


in which case it might be looked upon as the ethyl derivative of 
Liebermann’s anthracene nitrate, which probably has the constitution 

°*<oh$o;>> 0 - h ‘' 

Anthracene ethyl nitrate crystallises from alcohol in flat, white, 
glistening needles, which are readily soluble in benzene and chloro¬ 
form, moderately so in alcohol and acetic acid. It melts at about 
160° to a yellow liquid, and slightly above this point it decomposes 
with rapid evolution of nitrous fumes and formation of anthraquinone. 
This decomposition takes place slowly at temperatures below 100°, 
and on boiling with alcohol, acetic acid and other solvents, nitrous 
fumos are slowly given off and the solution becomes yellow. It is 
therefore necessary, when purifying this substance by recrystallisa¬ 
tion, to conduct the operation as rapidly as possible, otherwise the 
product is with difficulty obtained in a colourless condition. When 
exposed over sulphuric acid iu a vacuuru, anthracene ethyl nitrate 
is sometimes very rapidly converted into a gummy, yellow mass. 
Dissolved iu acetic acid and treated with chromic acid, it iB converted 
into anthraquinone. Cold fuming nitric acid also converts it into 
this substance. 

With a mixture of nitric acid and nitrobenzene, it behaves similarly 
to anthracene, nitrosonifcroanthrone being formed, as was proved by 
the following analysis:— 

0*1256 gram substance gavo 0*0362 gram H 3 0 and 0*2888 gram 

COo. 
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Theory for 

C w H 8 N 2 0 4 . Found, 


C. 62-69 62-71 

H. 2-99 3-22 


When, boiled with strong aqueous potash, anthracene ethyl nitrate 
dissolves, forming a brownish-yellow solution, which, if concentrated, 
sets to a mass of brownish-yellow needles on cooling. The crystals 
dissolve in hot water, forming a yellow solution which, on the addi¬ 
tion of acids, gives a white precipitate of a new substance which 
will be described below. 

The solution of anthracene ethyl nitrate is coloured intensely 
yellow on the addition of ammonia* and, on cooling, orange-red needles 
are deposited. These were collected, washed with alcohol, and re¬ 
el ystallised from this solvent. 

The analysis gave the following results:— 

I. 0-1884 gram substance gave 0*0730 gram H.O and 0-5197 
gram CO*. 

II. 0*2704 gram substance gave 14-7 e.c. N; t = 16°; bar. = 
742 mm. 

Theory for 

Ci 4 H 9 N0 2 . Found. 


C. 75*3 75*3 

H. 4-03 4-3 

NT. 6-27 6-37 


This substance melted at 146°, and showed all the properties of 
nitrosoanthrone. 

The same decomposition takes place when anthracene ethyl nitrate 
in alcoholic solution is treated with pyridine and other bases, boiled 
in acetic acid solution with a few drops of sulphuric acid, or reduced 
with sodium sulphide. 

Action of Alkalis on Anthracene Ethyl Nitrate . 

Anthracene ethyl nitrate is readily decomposed by boiling with 
alcoholic potash with formation of a new substance possessing pro¬ 
nounced phenolic properties. 

In studying thiB decomposition, anthracene ethyl nitrate was added 
to boiling dilute alcoholic potash. It rapidly dissolved, forming a 
dark-brown solution, and the decomposition was complete as soon as 
a small quantity taken out gave only a slight precipitate on diluting 
with water. On adding hydrochloric acid to the well-cooled product, 
a bulky, light-yellow precipitate was thrown down. This was col¬ 
lected, washed well with water, and dissolved in boiling very dilute 
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aqueous potash. On cooling under the tap, a small quantity of a 
brownish substance was deposited, which was collected, and will be 
referred to later. 

Hydrochloric acid was added to the filtrate, and the whitish preci¬ 
pitate redissolved in potash, and repeatedly treated in this manner 
until nothing was deposited on cooling. The resulting white, 
amorphous product was purified by two or three crystallisations from 
alcohol or benzene, and analysed with the following result:— 

I. 0*1542 gram substance gave 0 0638 gram OH 3 and 0*4294 gram 
C0 3 . 

II. 0*1468 gram substance gave 0*0558 gram 0H 3 and 0*4038 gram 
C0 3 . 

These numbers give percentages agreeing with the formula 
C u H 9 N0 3 . 

Pound. 

Theory. , -*- 

C 14 H 9 NO* 1. II. 


0 . 75*3 75*29 75*02 

H. 4*03 4*59 4*20 


This substance, which I propose to call pseudo-nitrosoanthrone, is 
moderately soluble in alcohol, from which it crystallises in minute 
groups of needles, more sparingly in benzene. It melts at about 
^24—225° with decomposition and evolution of nitrous fumes. The 
residue, on examination, was found to consist of anthraquinone. It 
can be crystallised from such solvents as acetic acid with but slight 
decomposition if the operation is rapidly performed, otherwise, after 
bhoit contact with the boiling solvent, nitrous fumes are rapidly 
evolved and anthraquinone is formed. Chromic acid and cold nitric 
acid oxidise it readily to anthraquinone. It dissolves readily in 
alkalis, forming orange-yellow solutions. Cold sulphuric acid dis¬ 
solves it with a yellow colour. When boiled with acetic anhydride, 
and the mass allowed to cool, colourless needles are deposited resem¬ 
bling anthraquinone in appearance. These were collected, purified 
by recrystalli&ation from alcohol, and analysed with the following 
result:— 

I. 0*1535 gram substance gave 0 0592 gram OH 3 and 0*4060 
gram C0 3 . 

II. 0*1872 gram substance gave 0*0720 gram OH 3 and 0*4060 
gram C0 3 . 

TIL 0*1516 gram substance gave 0*0591 gram OH 3 and 0 4032 
gram C0 3 . 

IV. 0*1718 gram substance gave 0 0684 gram OH s and 04564 
giam CO 
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Found. 



Theory. 

C ^HgNOsjCjjHjjO. 

1. 

-A— 

II. 

III. 

—R. 

0.... 

. 72-45 

7-2-1 

72-26 

72 2 

72-44 

H ... 

. 4-15 

4-2 

4-27 

4-3 

4-42 

sr... 

. 5 28 

— 

— 

— 

— 


This substance which, as the analyses show, is acety lpseudonifcroso- 
anthrone, melts at 153—154°. It is moderately soluble in alcohol 
and acetic acid, very soluble in acetic anhydride. It is insoluble in 
dilute alkalis in the cold, but dissolves readily on warming, forming 
an orange solution. At high temperatures, or on boiling with a 
solvent of high boiling point, it gives off nitrous vapours, and is con¬ 
verted into anthraquinone. Chromic acid and nitric acid oxidise it to 
anthraquinone. 

The brownish substance, after two or three crystallisations from 
alcohol, was obtained in long needles. Analysis:— 

I. 0*1282 gram substance gave 0*0518 gram H a O and 0*3524 gram 

COj. 

II. 0*2195 gram substance gave 11*3 cc. N; t = 16°; bar. = 760 
mm. 


These numbers give percentages agreeing with the formula 
C u H 9 N0 2 . 


Found. 


Theory. , -*-- 

CmHsNO,. I. II. 


C. 75*3 74*97 

H. 4*03 4*45 — 

JST. 6*28 — 6-00 


This substance has therefore the same composition as nitroso- 
anthrone, with which it is in every respect identical. It melts at 
146°, crystallises in the same way, and shows all the properties of this 
substance. 

As stated in the introduction, pseudonitrosoanthrono is isomeric 


_rjQ_ 

with nitrosoanthrone, C 6 H 4 < CH ^ 0 ^>C 6 H 4 , and with isonitroso- 

_ QQ _ 

anthraquinone, OeH 4 <Q^Q^>CaH 4 , and it therefore probably has 

the constitution 0 .h4P>c.h. This formula accoants for the 

phenolic nature of the substance, and the fact that it forms an acetyl 
compound, which latter would be represented by the foimula 
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The production of nitrosoanthrone by the reducing action of sodium 
sulphide may be represented thus :— 

(1.) C t H 1 <9^ ) ) >C.H 4 + H 2 = 

Unstable intermediate substance. 

(2.) C 6 H 1 <g^gg ) )>C 8 H 4 + 0 = C,H t <-^->c 6 H 1 + HiO. 

• Nitrosoanthrone. 

Action of Hydrogen Iodide on Anthracene Ethyl Nitrate . 

In studying this action, 5 grams of anthracene ethyl nitrate was 
mixed with 50 c.c. of aqueous hydrogen iodide (sp. gr. 1*96), and dis¬ 
tilled gently from a retort. The dark-coloured distillate, on mixing 
with water, deposited a quantity of a heavy liquid, which was 
mechanically separated, mixed with water containing a trace of 
sulphurous acid, and the whole distilled. The heavy oil which 
separated from the aqueous distillate was collected, dried over calcium 
chloride, and distilled from a small Wurtz flask. It showed the 
boiling point of ethyl iodide (72°), with which it was identical, as 
the following analysis shows:— 

0*1070 gram of substance, heated at 180° with nitric acid and 
nitrate of silver, gave 0*1608 gram Agl = 81*2 1 per cent. 
Theory, CJET 5 I = 81*4 I per cent. 

The residue in the retort was mixed with water and sufficient 
sulphurous acid to remove excess of iodine, the brownish-coloured 
substance collected, well washed with water, dried on a porous plate, 
and recrystalliscd from alcohol. 

In this way, beautiful plates were obtained which melted at 
106—108°, and showed all the properties of dihydroantliracene. 
Analysis:— 

0*1634 gram substance gave 0*1004 gram H*0 and 0*5592 gram 
00 *. 

Theory. 

<W<<g>0*H, Found . 


0 . 93*33 per cent. 93*33 per cent. 

H. 6*66 „ 6*83 


This experiment shows, therefore, that anthracene ethyl nitrate, 
when boiled with aqueous hydrogen iodide, is decomposed into 
dihydroanthracene and ethyl iodide, most of the nitrogen being 
evolved as nitrous fumes. 
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Anthracene Methyl Nitrate, 

CmHicCHjNOj = (?) 

This substance is produced in a similar manner to the ethyl com- 
ponnd already described, to which it also bears the greatest resem¬ 
blance. It crystallises from alcohol in glittering platos which melt 
at about 183° with decomposition and formation of anthraquinone. 
The analysis gave the following results: — 


Theory. 

C 14 H 10 ,CH 3 NO 3 . Found. 

C. 70*59 per cent. 70'36 per cent, 

H. 5-10 „ 5*39 


Anthracene methyl nitrate is decomposed by alkalis, yielding a 
mixture of nitrosoanthrone and pseudonitrosoanthrone. The latter 
melted at 224—225°, the acetyl derivative at 153°, and in its pro¬ 
perties was found to be exactly similar to the compound obtained by 
the action of alkalis on anthracene ethyl nitrate. 


LXII .—Besearches on the Terpenes* 


By J. E. Marsh, M.A., Balliol, and J. A, Gardner, Magdalen College, 

This paper contains an account of our researches on camphene with 
regard to its preparation, products of oxidation, and substitution 
derivatives. 

Of all the terpenes, camphene seems to us to possess tho greatest 
amount of interest on account of its perfectly definite character as a 
single substance and not a mixture, of its relatively stable nature, of 
its capacity for giving substituted rather than additive compounds, 
and of its close relation to camphor. There appears to be no reason 
why the derivatives of camphene should not be as fruitful a subject 
of study as have been those of benzene. 


Production of Camphene. 

Our method of obtaining camphene is essentially that of Wallach 
as modified by Marsh and Stockdale (Trans., 1890,57,961), whereby 
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along with camphene we obtain acetate of bomeol. Instead, however, 
of employing sealed glass tubes for heating the mixture of turpentine 
hydrochloride, acetate of potash, and acetic acid, we use a large 
copper autoclave, which is not attacked by the acetic acid. By means 
of this, a large quantity of material can be operated upon at once. 
For heating the autoclave, we have found it convenient to use a bath 
of pitch, which can readily be heated to 250°, the temperature 
required, without danger, smell, or inconvenience. The crude 
camphene obtained is separated from the other product and from 
unaltered hydrochloride of turpentine, partly by distillation in steam. 
On rectifying, it at once solidifies in the cold. 


Oxidation of Qcmphene. 

Riban states that when camphene is oxididised by the “ classical 
mixture ” of potassium dichromate and sulphuric acid, it yields cam¬ 
phor. We have not, however, found this method suitable for pre¬ 
paring camphor. From 17 grams of camphene, after 18 hours boiling 
with 57 grams of dichromate, 70 grams sulphuric acid, and 140 
grams of water, we recovered 12 grams of a solid, which certainly had 
the smell of camphor, but proved on distillation to be unaltered cam¬ 
phene, from which it would appear that part of the camphene is pro¬ 
foundly attacked by the oxidising mixture leaving the remainder 
unaltered. 

By oxidising camphene with nitric acid, we have obtained Borne 
compounds of interest, but neither camphor nor any of its oxidation 
products. 

Fuming nitric acid does not form a nitro-derivative, but acts 
violently on camphene with evolution of red fumes. 

To oxidise camphene, we employ for every 20 grams of the sub¬ 
stance 400 c.c. of dilute nitric acid. The camphene is heated in a 
matrass on the water-bath at first with 133 c.c. of acid of sp. gr. 1'42 
and 133 c.c. of water. After the first action slackens, a second 
133 c.c. of acid is added, and the whole heated until red fumes cease 
to bo evolved. The liquid is then poured out into a dish and eva¬ 
porated to a small bulk. On cooling, it sets to a mass of crystals. 
These are separated from the syrupy mother liquor and recrystallised, 
preferably from etber. A small quantity of a white powder is left 
undissolved by the etber, and is also insoluble in water. It and the 
syrupy mother liquor have been reserved for a. further examination. 
The crystals obtained from the ether solution consist of a new acid of 
the formula CioHuOe, which we call camphoic acid . 



650 


MARSH AND GARDNER ON THE TERPENES. 


Camphoic Acid . 

Tliis new acid forms colourless crystals melting at 184—185° with 
decomposition. On analysis, it gave:— 

Calculated for 
Found. C 10 II 14 O b . 


Carbon. 51*6 52*1 

Hydrogen. 6*1 6*0 


The barium salt was obtained in crystalline form, very soluble in 
water. It gave:— 

Calculated for 

Found BaOi 0 H ls O b . 

Barium.. 35*3 35*8 


From this it would appear to be dib xsic, but the barium salt is acid 
to test paper, and the behaviour of the acid in other respects showed 
it to be tribasic, as will he seen later in considering the action of heat 
upon it. 

We thus have the series of acids derived from camphor, 


Campholic, monobasic . C 10 Hi 8 O 2 . 

Camphoric, dibasic. Ci 0 H 16 O 4 . 

Camphoic, tribasic.*. C 10 H u O 8 . 


Distillation of Camphoic Acid .—When camphoic acid is heated 
under ordinary pressure, it first melts, then loses carbonic anhydride 
and water, and distils at about 300° yielding the anhydride OaH^O, 
of a new acid which we call camphopyric add . A very small residue 
is left in the retort. 

Camphopyric Anhydride .—The distillate, when crystallised from 
alcohol, gives fine needle-shaped crystals closely resembling tho an¬ 
hydride of camphoric acid. They melt at 178—179°, and give on 
analysis:— 

Calculated for 
Found. C 9 H 12 O a . 


Carbon.. 63*8 64*2 

Hydrogen. 7*3 7*1 


Camphopyric Add .—The anhydride was dissolved in hot caustic 
soda, and the acid precipitated by hydrochloric add. It was recrys¬ 
tallised from water, and forms colourless, flaky crystals which melt 
at 209°, and give on analysis:— 

Calculated for 

Found. C 9 H 14 0 4 . 


Carbon.. 57*83 58*06 

Hydrogen. 7*78 7*53 
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The barium salt is very soluble in water, and crystallises on 
evaporation in silky, white tufts. It appeal’s to retain water of crys¬ 
tallisation even when heated in an air-bath to ovefr 120°:— 


Found. 

Barium (1) .... 40*2 

„ <2) .... 40*6 


Calculated for 

( -*-\ 

BaC 9 H 12 0 4 . BaC 9 H 12 0 4 + IX 2 0. 

42*9 40*4 


Camphopyric acid is, therefore, dibasic, and the next lower homo- 
logue of camphoric acid, C 10 Hi 6 O 4 , the anhydrides of the two acids 
being indistinguishable in appearance. It is interesting in this 
connection to note that camphopyric acid gives a fluorescein, whilst 
camphoric acid does not. When the former acid is heated with 
resorcin and a few drops of strong sulphuric acid, the melt gives 
with caustic soda a pink solution with a strong green fluorescence. 

If then camphoric acid is represented, as has been proposed by one 

of us, as a substituted glutanc acid, ^ 5 ^ 0< ^Qjg[.QOOH 5 ** 18 nafc 

improbable that camphopyric acid is the corresponding substituted 
succinic acid the substituted succinic acids giving, 


as is known, fluoresceins* Camphoic acid itself would then be repro- 

, , r\ rr .C(COOH) 2 

8entedasC a S 1 o< ( I )H . COOH . 

Isocamphopyric AM .—Camphopyric anhydride is not the sole pro¬ 
duct of the distillation of camphoic acid. There is obtained, mixed 
with the anhydride, an acid which is isomeric with camphopyric acid. 
It may be separated from the anhydride either by means of alcohol, in 
which it is much more soluble than the latter, or by treating the 
erode distillate in the cold with a slight excess of a solution of 
carbonate of soda, which dissolves tlie acid and leaves the anhydride. 
The acid is then precipitated from the solution of its sodium salt by 
hydrochloric acid, and crystallised from water. It separates from the 
hot aqueous solution as an oil which afterwards solidifies to a mass 
of crystals. The crystals form hard granules, are very different from 
the soft, flaky crystals of camphopyric acid. The melting point is 
near 160°, but was not always obtained quite constant, the substance 
probably containing a little of the isomeric acid. Its analysis gave:— 


Calculated for 
Found. CgH^Oj. 


Carbon . 57*68 58*06 

Hydrogen. 8*19 7*58 

2 z 


VCL. LIX. 
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When this acid is distilled, it is partly converted into Campliopyric 
anhydride, hut appears chiefly to distil unchanged. The recovered 
acid has now a sharper melting point, softening at 153° and melting 
at 157°. 

The relationship of these two camphopync acids obviously recalls 
that of the cis- and trans-camphoric acids, and should the analogy be 
subsequently confirmed we would propose a similar nomenclature. 
The isomeric change is, however, much less readily brought about in 
this case than in that of the camphoric acids, and we have been 
unable to convert camphopyric acid into isocamphopyric acid by means 
of the acid chloride, as was effected in the case of cis-camphoric acid 
(Proc. Boy. Soc ., 47, 7). 

Action of Pmtachloride of Phosphorus on Turpentine « 

Pentachloride of phosphorus does not act on turpentine in the cold, 
but on heating to about 60° in a water-bath the action sets in with 
great violence, and with evolution of hydrogen chloride. We have 
not completed our study of the reaction, but among the products 
there appears to be formed, besides cymene, a crystalline dichloro- 
derivative melting at 170°, 


Action of Pentachloride of Phosphorus on Ocmphene . 

In the hope of obtaining chloro-substitnted derivatives of camphene, 
we subjected this substance to the action of the same reagent. 

Camphene was heated on a sand-bath with phosphorus penta¬ 
chloride, phosphorus trichloride being used as a solvent, in a 
flask with reflux condenser, care being taken to exclude moisture. 
The whole was kept boiling for two or three days. The action was 
at no time violent. Hydrogen chloride was slowly evolved, and 
when this evolution ceased, the product of the reaction was distilled 
under diminished pressure. 

The above was the general method of procedure, which varied in 
detail in some cases. Thus oxychloride of phosphorus was used as a 
solvent instead of the trichloride, or the product was poured into 
water instead of being distilled under diminished pressure. 

In no case,however, could a chloro-derivative of camphene be isolated 
in any quantity in the pure state, though indication was ob tain ed 
that such products were formed. The principal substance separated 
was a chlorophosphorus derivative of camphene of the formula 
C 10 H 14 PC1 3 . It was found that phosphorus trichloride alone had little 
or no action on camphene, almost the whole of the latter being 
recovered unaltered after 20 hours heating with 1£ mole. PC1 3 . 
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Camphene and phosphorus pentad)loride, in the proportion of 
2 : 3 mols., were heated with a little phosphorus trichloride as a 
solvent for three days on the sand-bath. The phosphorus trichloride 
was then distilled off and the remainder fractionally distilled under 
diminished pressure. The chief part was obtained boiling between 
160° and 170°, of which the fractions 

a, 160—166°‘'I 

5, 166—168° >17—18 mm. pressure, 

c, 168—170°J 

were kept separate. 

Part of fraction b solidified on standing, and the remainder also 
when a small crystal from the solidified portion was introduced into 
it. The phosphorus and chlorine were determined in this fraction— 


Calculated for 
Pound. C 10 HhPC1 3 . 

Phosphorus. 11*7 per cent. 11*4 

Chlorine . 38*5 „ 39*2 


Action of Water on the Compound ,—In order to determine the nature 
of the above compound, we have studied the action of water, or rather 
of dilute caustic soda, upon it, from which it appeared that two-thirds 
of the chlorine was eliminated, and a mono-basic phosphine acid 
produced. The method of procedure was as follows:— 

A small, weighed quantity of the substance was treated with a hot, 
dilute, standard solution of caustic soda in slight excess. When the 
reaction was complete, ascertainable by the whole, except a mere 
trace, going into solution, the excess of soda was neutralised by 
standard nitric acid. In this way the amount of soda neutralised by 
the substance was determined. The whole liquid was then made up 
to a known volume (250 c.c.), and the chlorine estimated in an 
aliquot part of the solution by means of a standard solution of silver 
nitrate, using chromate of potash as an indicator. 

It was found that 1 mol. of C l0 HuPCl 8 required 3 mols, of NaHO 
for neutralisation, and that two-thirds of the total chlorine was pre- 
cipitable by silver nitrate. This corresponds with the reaction 

C l0 HuPCl 3 + 2H?0 = O 10 H l4 ClPO a H 2 + 2HC1. 

Monobasic. 


Experiment :— 

0*2435 gram of substance was dissolved in 25 c.c. standard caustic 
soda (1 c,c. = 0*008 gram NaHO). The solution required 
11*1 c.c. standard nitric acid (1 c.c. HNO$ = 1 c.c. NaHO) for 
neutralisation. The whole solution was then made up to 250 c.c., 
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of which 50 c.c. requiro 14'18 c.c. (mean) of standard silver 
nitrate (1 o.o. — 0‘0085 gram AgNOj). Hence 

Found. Calculated. 

1 mol. substance requires... 3*08 3 00 mols. NaHO. 

P. c. chlorine as NaCI. 26*1 26*1 


The original compound is thus chlorocamphenyl phosphorus 

r CioHuCi 


chloride. 


' p { 


Cl , which, acted upon by water, gives chloro- 
C1 


r O 10 H w Ol 

camphenylphosphorons acid, P < OH • Tho above method of 

l OH 

analysing the chloride volumetrically has been employed frequently 
in this laboratory for other and simpler acidic chlorides, notably by 
Mr. R. E. Hughes, of Jesus College, in his investigation of cinnamyl 
compounds (Proc., 91, 70), and has been found to be perfectly 
trustworthy. 


Note. 

Professor Wallach (Annalen, 264, 6) finds fault with Mr. Stock- 
dale and myself as to our method of preparing camphene, and states 
that the materials should not be heated above 200°, since camphene 
itself undergoes decomposition above that temperature. It should, 
however, be remembered that our object in the first instance was to 
prepare, not camphene, but acetate of borneol. On the other hand, 
I have not noticed any decomposition of the camphene under tho 
circumstances of the reaction; and the crude substance, if not at 
once solidifiable, can readily be so obtained by conversion into tho 
hydrochloride, which is easily purified and reconverted into campbeiio 
hy means of aniline. The decomposition of turpentine hydrochloride 
is, according to my experience, not readily effected much below 
250°. Wallach recommends the use of the hydrobromido, which 
would, however, he costly. It is not out of place hero to recall the 
earlier literature on the preparation of camplieno. Bertholot, in 1862 
( Qompt . rend., 56, 496), obtained camphene from both the hydro¬ 
chloride and hydrobromide of turpentine by abstraction of the halo¬ 
gen acid in various ways. Riban, in 1875 (Ann. CMm . Phys. [5], 6, 
371), employed acetate of soda or potash for this purpose. Lauth 
and Oppenheim again, in 1867 (Bull. Soc . Ohem., 8, 7), obtained 
camphene by heating its hydrochloride with aniline. 

One other criticism of Wallach’s remains to be noticed: as to our 
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method of obtaining camphor from turpentine, he says that the con¬ 
version of turpentine into camphor has long since been realised in 
a manner which leaves nothing to be desired. This, however, is a 
matter of opinion. 

University Laboratory , 

Oxford . 


LXIII .—Action of Nitrosyl Chloride on Metals . 

By J. J. Sudborough, B.Sc., A.I.C., Associate of Mason College, 
Birmingham. 

Tilden, in his researches on nitrosyl chloride (Trans., 1874, 27,634), 
found that the chloride attacked the metals gold and platinum, 
forming definite crystalline compounds. The substances thus ob¬ 
tained were not analysed, and their true composition was therefore 
not known, although it was surmised that they were double chlorides, 
consisting of the metallic chloride combined with one or more mole¬ 
cules of nitrosyl chloride. 

The following paper contains an account of experiments made with 
the object of studying the general behaviour of nitrosyl chloride 
towards the more common metals. 

The nitrosyl chloride was prepared in the usual manner by the 
action of common salt on nitrosyl sulphate (Sudborough and Millar, 
Trans., 1891, 59, 74). 

The following metals were treated with the liquid chloride, either 
in the cold or on the water-bath:— 

Magnesium, zinc, cadmium, lead, thallium, copper, silver, mercury, 
aluminium, iron, manganese, nickel, tin, antimony, bismuth, arsenic, 
gold, and platinum. 

The method of procedure was as follows:— 

About a gram of the pure metal, either in the form of a fine powdor 
or as very thin foil cut into narrow strips, was placed in a stout tube, 
rounded off at one end. Both tube and metal were first thoroughly 
dried, an excess of nitrosyl chloride was condensed on the metal by 
placing the tube in a freezing mixture of salt and ice, and the upper 
end of the tube was then sealed off. In some cases the metal was 
attacked at once, even while in the freezing mixture. In such cases 
the tube was opened as soon as it was required, all excess of nitrosyl 
chloride was allowed to boil away (b. p. —8°), and the product left 
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was transferred to a watch-glass and kept oyer sulphuric acid for 
an hour or so. A portion was then taken, and the percentage of 
metal in it determined. It was found almost useless to deteimino 
the chlorine, as the numbers for tho different compounds vary so 
slightly. Thus, in the case of zinc— 

ZnCl 3 requires. 52*21 per cent, of chlorine. 

ZnCl s ,NT001 requires .... 52*82 „ „ 

ZnOlg,2NOC1 requires.... 53*14 „ „ 

Hence in all cases the amount of metal found in the compound was 
used as a means of deciding its composition. 

In those cases in which the metal was not attacked in the cold, tho 
tube was slowly heated to 100° on the water-bath, aud kept at that 
temperature for one, two, or three days. The tube was then allowed 
to cool, and the product treated as in tho previous case. 

Action on Magnesium,. 

The metal was not attacked by the liquid chloride in the cold, and 
even after heating on the water-bath for three days remained un¬ 
altered* 


Action on Zinc . 

This metal was rapidly attacked in the cold, with the evolution of 
copious nitrous fumes. On evaporating off the excess of nitrosyl 
chloride, a pale, lemon-yellow solid was left; this was very deli¬ 
quescent, and readily dissolved in water with evolution of nitric 
oxide. On standing over sulphuric acid for two days, it turned white, 
and then dissolved in water without effervescence. A further quan¬ 
tity of the substance was therefore made, and analysed after it had 
been in the desiccator for about 15 minutes. 

0*51C gram gave 0*2073 gram of ZnO. 

Theory for 

ZnClj. Zn01j,N001. ZuCMNOCl? Found. 

Zn . 47-8 32-22 24 3 32-20 

A further determination of the zinc was made after the compound 
had stood for several hours over sulphuric acid. 

0*4215 gram gave 0*1795 gram of ZnO. 

Found. 

Zn... 34*17 

From these facts it appears that nitrosyl chloride readily acts upon 
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zinc, forming a double chloride which has the composition ZnCI 2 ,NT0Cl, 
bub this is somewhat unstable at ordinary temperatures and pres¬ 
sures. 


Action on Cadmium, 

No action occurred in the cold, and, therefore, the tube was heated 
at 100 & for several days. At the end of the first day merely a white 
incrustation had been formed, but at the end of three days the whole 
of the metal had been acted upon. The product left after all the 
excess of nitrosyl chloride had boiled away was a pale-yellow com¬ 
pound which soon turned white; it dissolved in water without efferv¬ 
escence. 

0*6791 gram gave 0*4745 gram of CdO. 

Theory for 

CdClo. Found. 

Cd. 61*23 60*63 


Action on Thallium . 

» 

The meial was not attacked in the cold, but was readily acted upon 
when heated at 100° for a few hours. Part of the product formed 
dissolved in the excess of nitrosyl chloride, and when this excess was 
allowed to boil away, a pale cream-coloured, crystalline compound was 
deposited. It was very deliquescent, and dissolved readily in water 
with brisk efforvescence. When gently heated, it melted, but on 
further heating decomposed. 

The thallium was estimated by first reducing with sulphurous acid, 
and then oxidising with potassium permanganate. 

1 c.c. of KMn 04 = 0*0046056 gram of Fe. 

„ = 0*0083704 „ Tl. 


L 0*5395 gram required 39*1 c.c. KMnO*. 


n. 0-5519 

99 

39-6 „ 


in. 0-8901 

9) 

28-3 „ 


IV. 0-5260 

99 

87-7 „ 




Theory for 



'tICIj. 

T101 3i N0CL 

a:ici,Tioi»2TsrooL 

Tl. 

. 65-74 

54-28 

60-52 


Found. 


IV. 

60*00 


Tl 


r 

60-67 


11 . 

60-18 


111 . 

60-72 
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When thallium is burnt in chlorine, the compound T1C1,T1CI 3 is 
formed, and from the above analyses it appears that nitrosyl chloride 
attacks the metal, forming the compound T1C1,T1CJ 3 ,2N0C1. 

Action on Lead . 

No action occurred in the cold, but after heating for six hours the 
lead had all been acted on. The resulting compound was a coarse 
■white powder. It was not deliquescent, and was not decomposed by 
cold water, in which it was insoluble. 

0*6766 gram gave 0*7400 gram PbS0 4 . 

Theory for 

Pb0l 3 . Found. 

Pb. 74*48 74 65 

From this it appears that lead is only attacked by nitrosyl chlorido 
when heated with it, and then merely forms the chlorido PbCl 4 . 

Action on Copper. 

As the copper was not attacked in the cold, the tube was heated at 
100° for several days. In the first experiment made, only just suffi¬ 
cient nitrosyl chloride had been added to act upon all the copper. The 
result was a fine, black powder. 

0*4825 gram gave 0*2336 gram OuO. 

Theory for. 

CnCU. CvlCL.NOcT Cn s OI„2NOci. Pound. 

On.. 47-16 31-68 38-52 38-62 

This black powder was readily decomposed by water, quantities of 
nitric oxide being evolved. When heated in an open tube to 100°, 
nitric oxide was given oif, and anhydrous cupric chloride was loft, 

Cu 3 C1 3 ,2NOC1 = 2NO + 2CuC1 3 . 

The compound is very deliquescent; in presence of moist air it 
turns first violet and then green. If left over sulphuric acid for 
several hours, it evolves nitric oxide, NO, which is absorbed by the 
acid, and leaves a residue of anhydrous cupric chloride. 

A further quantity of copper was taken and treated with a large 
excess of liquid nitrosyl chloride, in order to see if any cupric com¬ 
pound conld be obtained. After heating, however, for some time, the 
same black compound was formed. 

0*4668 gram gave 0*2200 gram OuO. 
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Theory for 

Cu 2 C1 2 ,2NOC1. Found. 

Cu. 38-52 37*60 

A. farther attempt was made to form a compound with cupric 
chloride by treating anhydrous cupric chloride with a quantity of the 
liquid. When, however, this was allowed to boil away, the cupric 
chloride was left in its original condition. 

Thus the only compound formed by the action of nitrosyl chloride 
on copper is the unstable compound Cu 2 Cl 3 ,2NrOCl. 


Action on Siloer. 

No action occurred in the cold, and on heating at 100° the metal 
became coated with a film of silver chloride, which prevented further 
a ;tion, and even after heating for three days this film was the only 
sign of any action which had taken place. 


Action on Mercury . 

This metal was attacked at once in the cold, and the product dis¬ 
solved in the excess of nitrosyl chloride. After standing in the 
closed tube for a day, glistening crystals separated, and when the tube 
was placed in a freezing mixture, nearly the whole of the contents set 
into a glistening mass of golden plates. When, however, the tube 
was opened, alJ excess of nitrosyl chloride passed away, and there 
remained a white powder, which dissolved readily in cold water 
without effervescence. 1-000 gram gave 0‘721 gram of Hg. 

Theory for 

HgCl 2 . HgCl Sl irool. Found. 

Hg. 7386 59-46 72-10 

Thus it appears that mercuric chloride is the only compound pro¬ 
duced by the action of nitrosyl chloride on mercury at ordinary 
temperatures. 

Mercuric chloride itself was also treated with liquid nitrosyl 
chloride, but, on allowing the latter to boil away, the mercuric 
chloride was thrown down unchanged. 

Action on Aluminium . 

A brisk action took place in the cold, and copious nitrous fumes 
were evolved. The result of treating the metal with excess of 
nitrosyl chloride was a syrupy liquid, which on standing deposited a 
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dull yellow solid. This dissolved in water, with evolution of much 
heat and slight effervescence. 

I. 0*248 gram gave 0*0969 gram of A1 2 0 8 . 

II. 0*9602 ,, 0*3661 

Theory for Found. 

aici^nocl' i. i?. 

A1. 20-29 13-61 20-67 19*65 

Thus aluminium yields the simple chloride AICI 3 when acted upon 
by nitrosyl chloride. 


Action on Manganese. 

Manganese was not acted upon at all in the cold, and even after 
heating at 100° for three days only a very small proportion of the 
metal was converted into the chloride. 

Anhydrous manganese chloride was also treated with liquid 
nitrosyl chloride, but no action or combination of any kind took 
place. 


Action on Iron . 


This metal was acted upon immediately, and the product was a 
dull brownish liquid, which, on standing over sulphuric acid for 
some hours, set into a mass of minute, golden-brown crystals. These 
were very deliquescent when exposed to the air, but quite stable 
when kept over sulphuric acid. When gently heated, it volatilised, 
but, on farther heating, decomposed, leaving a residue of ferric oxide. 
It dissolved readily in water, accompanied by evolution of much 
nitric oxide, 170. 

I. 0*8295 gram gave 0*2973 gram of Fe 2 0 3 , 

II. 0*3647 „ 0*1295 


Fe 


Theory for 
FeCl 3 ,NOCl. 
, 24*64 


Found. 

25-07 24-85 


This same compound, FeCl a ,NOCl, had previously been obtained 
by passing nitrosyl chloride over anhydrous ferric chloride. 


Action on Nickel, 

No action occurred in the cold, and after heating at 100° for some 
days only a very small quantity of nickel chloride was formed, by far 





ON METALS- 


661 


the greater part of the nickel being unattached. The anhydrous 
chloride was also treated with nitrosyl chloride, but no double 
chloride could be isolated. 


Action on Tin. 

Metallic tin was immediately attacked, and the resulting product, 
after standing over sulphuric acid for several hours, was of a pale- 
yellow colour. It readily dissolved in water, and, on heating to a little 
above 100°, began to volatilise, and was deposited in the upper part of 
the tube in minute crystals. The sublimate thus formed dissolved in 
water with the evolution of nitric oxide. 


I. 0*8288 gram gave 0*3152 gram of Sn0 2 . 


II. 0-2410 

„ 0 0930 „ 



Theory for. 

Found. 


SnCl 4 ,NOCl. Sn01 4l 2N0Cl' 

f i ri 

fen ... 

... 36-20 30-14 

29-89 30-30 


The compound SnCh,2^001 may also be obtained by treating stannic 
chloride with aqua regia (A. Baeyer, Ber., 1874, 7, 1639). « By this 
process it is obtained in large, yellowish crystals. 

Action on Antimony. 

Pure antimony was readily attacked in the cold, and the product 
formed dissolved in excess of nitrosyl chloride to a deep-red solution. 
On allowing the excess of nitrosyl chloride to escape, a minutely 
crystalline substance was deposited. This compound was of a canary- 
yellow colour. It was decomposed by water, with the evolution of 
nitric oxide, HO, and the precipitation of oxychloride of antimony. 
On heating, it melted, and then sublimed, being deposited as yellow 
needles. 

I. 0*9305 gram gave 0*3784 gram SbO*. 

II. 0*7325 „ 0*2893 

Theory for Found. 

SbCl tl 2N001. (SbCl 5 ) 3 ,5NOCL I. IL 

Sb . 28'24 26-24 26‘60 25-83 

The compound would thus appear to have the composition 
(SbCl 6 ) 2 ,5NOCl. 

Antimony trichloride was also treated with liquid nitrosyl chloride, 
and the product obtained agreed in all its properties with that 
obtained from metallic antimony. 
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0*4377 gram gave 0*1756 gram SbO*. 

Found. 

Sb. 26*24 

Thus the trichloride does not combine directly with nitrosyl chlor¬ 
ide, but is first converted into the pentachloride, and this then forms 
the nitrosothloiide, (SbCl5)s,5NOCL 

Action on Bismuth . 

This metal was acted upon at once in the cold, and the product was 
an orange powder which dissolved in excess of nitrosyl chloride. It 
was very deliquescent, and was decomposed by treating with water. 

I. 0*3458 gram gave 0*20685 gram of Bi 2 0 3 . 


II. 0*42025 „ 0*2577 

Theory for. Found. 

Wn* BiCl^NOCL £ II? 

Bi. 66-25 54-85 5364 54-98 


Action on Anemic . 

This substance was readily attacked, forming a brown, oily liquid ; 
on standing over sulphuric acid, it became colourless. It gave a 
white precipitate with water, but no effervescence occurred. The 
boiling point of the liquid was 132 c , whereas arsenic trichloride boils 
at 134°. 

0*738 gram gave 0*5035 gram As 2 S 3 . 

Theory for 

Ab01 d . Found. 

As. 41*39 41*58 

Thus arsenic is converted by the action of nitrosyl chloride into the 
trichloride, AsCl*. 

Action on Gold . 

Pure gold was not attacked in the cold, but on heating at 100° for 
several days, an orange, crystalline powder separated out. This com¬ 
pound dissolved in water with evolution of nitric oxide, and, on 
Btrongly heating, decomposed, leaving a residue of metallic gold. 

0*3540 gram gave 0*1885 gram Au. 

Theory for 
AuClfcNOCl. 

. 53*45 


Au 


Found. 

53*25 
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Action on Platinum. 

This metal behaved in exactly the same manner as gold, the re¬ 
sulting product being a brownish-golden, crystalline substance. This 
dissolved in water, with, evolution of nitric oxide, and, on strongly 
heating, decomposed, leaving a residue of metallic platinum. 

0*457 gram gave 0 189 gram Pt. 

Theory for 

PtCl 4 ,23STOCl. Pound. 

Pt. 41*68 41*36 


Weber {Ann. Phys. Ghem . ( Pogg .), 131, 441) describes a golden, 
crystalline compound, obtained by treating platinum with aqua reqia 
and evaporating. It is said to be very deliquescent and to dissolve 
in water with evolution of nitric oxide. The following are the results 
of his analyses :— 


Pt 

Cl 

N 



Pound. 


npTi AAiitr 

r~ 

40 49 

ii 

40 90 

III. 

~T?. 

jLucury xor 

rtCl 4 ,2NOCl. 

41-68 

45-28 

44-12 

— 

— 

45*46 

— 

— 

5*22 

4 96 

6*00 


Based on these data he gave the compound the formula 
PtCl2,N0 3 Gl,30H (old notation). But there can be little doubt, both 
from his description and his analyses, that this compound is identical 
with that obtained by the action of nitrosy] chloride on platinum, and 
that it has the composition PfcC] 4 ,21^001. Boye and Rogers {Phil. 
Mag., 1840, 17, 397) also describe a compound obtained by heating 
platinum with aqua regia; this substance they regarded as a com¬ 
pound of platinum perchloride with nitric oxide. The following are 
the percentages they give :— 

Pt. 41*26 01. 43*89 


This is also the same compound, PtCl 4 ,2NOCl. 


Summary . 

The conclusions which may be drawn from the above experiments 
are summarised in the following statements:— 

(1.) Magnesium is entirely unacted upon by liquid nitrosyl chloride 
both in the cold and at 100°. Manganese and nickel are only slightly 
attacked when heated with the liquid for several days at 100°, 

(2.) Silver is slightly attacked, but further action is prevented by 
the formation of a film of silver chloride. 
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(3.) Cadmium, lead, thallium, copper, gold, and platinum are 
acted upon by the chloride when heated with it at 100° for several 
days. 

(4.) Zinc, mercury, aluminium, iron, tin, antimony, bismuth, and 
arsenic are readily attacked even in the cold. 

(5.) The following nitrosochlorides are capablo of existing at or¬ 
dinary temperatures:— 


Formula. 

Colour. 

Properties. 

ZnCl 2 ,NOCl. 

Imuon-j ellow. 

Unstable. 

IlCl/TlOl^NOCl.... 

Cream-yellow. 

Stable; decomposed on beating 
strongly 

Unstable, evohing NO, and forming 
CuCl 3 . 

Very stable, volatile at low tempera¬ 
tures. 

Cu 3 Cl 2s 2NOCl. 

Black. 

F oCIjjNOCl. 

Golden-brown. 

SnCl 4l 2NOCl. 

Dull yellow. 

Stable; volatilises and sublimes when 
licated. 

(SbCl 5 k5NOCl. 

Lemon-yellow .... 

Stable; sublimes when heated. 

BiC1 3 ,NOC1. 

Orange-Fellow .... 

Unstable. 

AuCljjNOCl. 

Deep orange. 

Stable; decomposes when very 
strongly heated. 

PtCh,2NOCl. 

Golden-brown. 

Stable; decomposes when a cry 
strongly heated 


All these nitrosochlorides are very deliquescent and are decomposed 
by water. 

(6.) The following metals appear to be incapable of forming 
nitrosochlorides, which can exist at ordinary temperatures and pres¬ 
sures :—cadmium, lead, mercury, aluminium, manganese, nickel, and 
arsenic. 

Jlason College , Birmingham. 


LXIY .—The Influence of Temperature on Germinating Barley . 

By T. Cuthbeut Day. 

It is a matter of common observation that, other conditions being the 
same, an increase of temperature within certain limits has a stimu¬ 
lating influence on germinating barley. 

From a technical point of view, a study of the influence of tem¬ 
perature on germinating barley must bo of great importance, seeing 
what a prominent part it plays in the proper growth of the com on 
the malting floors. 
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1 t was with the intention of throwing some light, however small, 
on this still obscure subject that I have undertaken the present 
inquiry. 

Experiments have been performed by several investigators as to 
the influence of temperature on the production of carbon dioxide by 
germinating seeds: by Sachs in 1865, Laskovsky in 1874, Borodin in 
1875, Rischawi and A. Mayer in 1876, and R. Pedersen in 1880. The 
net result of the investigations is, that the production of carbon 
dioxide by germinating seeds increases with the temperature. The 
two last-named experimenters give curves illustrating the results of 
their experiments. 

A knowledge of the amount of carbon dioxide exhaled by germi¬ 
nating barley during growth at various temperatures, as in the pro¬ 
cess of malting, is undoubtedly of great value, since a definite idea 
can then be formed of the amount of material decomposed, in order 
to furnish the gas. A good estimate of the germinative activity an 
different stages of growth may also be obtained by measuring the 
carbon dioxide produced at stated intervals. But, from a practical 
point of view, an insight into the constitution and properties of the 
malts produced by growing barleys at different temperatures would 
be of much greater value. Bearing these considerations in mind, T 
determined to grow identical samples of barley at different tempera¬ 
tures, after steeping them under precisely similar conditions to 
ensure identity in the amount of moisture absorbed. The growth 
was allowed to proceed at a uniform temperature, which was varied 
in the different experiments, for 10 clays. The carbon dioxide pro¬ 
duced was weighed from day to day, and at the end of the 10 days 
the germinated barley was dried at a low temperature, and securely 
sealed np for future analysis, with the object of gaining some know¬ 
ledge of tlio constitution and properties of the different malts pro¬ 
duced. 

Method of Experiment —The degree of germination and consequent 
internal change in the constituents of a barley corn is affected 
materially by four conditions, namely, moisture, temperature, a&ration, 
and duration of growth. In order to study the efiect of temperature, 
it was of course necessary to secure in the different experiments simi¬ 
larity as nearly as possible in the other conditions of growth. 
Since the success and trustworthiness of the experiments depend 
entirely on the method of conducting the germination from first 
to last, I shall devote some space to a full description of the pro¬ 
cesses and apparatus employed. 

Fig, 1 is a sketch of the apparatus used for controlling the con¬ 
ditions of germination, and for collecting the carbon dioxide pro¬ 
duced. 


3 a 2 
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1. Four small bottles, the first three containing potash solution 
and the last one water, for purifying 1 the air supplied to the germi¬ 
nating seed. The delivery tube into each bottlo only just dips 
beneath the surface of the liquid. 

2. A Rmall fiask containing a few c.c of distilled water, intended to 
saturate the air passing through it with moisture, at the same tem¬ 
perature as the germinating corn. 



I have found by careful experiment that if bailey bo germinated in 
air exactly saturated with moisture, it will not absorb moist me from 
it even if the root appears to be in need of a further supply. 
Direct proof of this statement may bo obtained by weighing tho 
flask which supplies the moistuxo passing into the flask holding the 
germinating corn, and also the moisture passing out as collected in an 
absorption tube ; in this determination of couise tho air must in tho 
fiist place be dried. With a few slight variations, it will bo found 
that the los-, of weight by the moisture flask is exactly balanced by 
the gain of weight in the absorption tube. 

The employment of air exactly saturated with moisture is abso¬ 
lutely essential to the success of the experiments, since, though it 
neither gives moisture to the growing seed nor takes any from it, tho 
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degree of moisture imparted to the seed in the first place, for the pur¬ 
pose of experiment, is preserved throughout the time required. 

3. A conical shaped flask (700 c.c. capacity) to hold the corns 
experimented upon; it will accommodate about 45 gi-ams of steeped 
barley lying in a layer one com thick on the flat, bottom. The flat 
bottom is employed to prevent any self heating of the corn and to 
secure uniformity in the temperature. The cork of the flask is well 
covered with tallow, which is found to effectually prevent the in¬ 
trusion of moisture from without. 

4. The exit tube from the germination flask. As it emerges from 
the flask it is bent downwards, and at the comer where it bends up¬ 
wards a small descending tube is attached. This tube is designed as 
a trap to intercept any moisture condensing in the upper part of the 
exit tube, which might otherwise find its way into the germina¬ 
tion flask, and thus vitiate the results. This is a most necessary 
contrivance. 

5. A large galvanised iron vessel holding about 4 gallons, and 
filled with water, well under the surface of which the flasks 2 and 3 
with their connecting tube are immersed. They are kept in 
place from above by a special holder not shown in the figure. The 
temperature of the water is kept constant by a delicate thermostat 
which regulates the size of the gas flame underneath. Over the gas 
flame is placed a piece of sheet iron to act as a disperser, and 
prevent unequal heating of the water vessel. During the course of 
an experiment, a large piece of flannel is thrown over the upper 
part of the vessel to prevent radiation and the consequent deposit of 
moisture on the sides of flask 3. 

A separate sketch of the thermostat is given in Fig. 2. It differs 
from the ordinary mercurial thermostat in having the cylindrical 
bulb turned up. The upper part of the bulb, shown clear in the 
figure, is occupied by methylated alcohol (sp. gr. 0*825). The 
shaded portion of the bulb and tube is filled with mercury. Thermo¬ 
stats constructed on this principle are extremely delicate and reliable 
in their working. I had no difficulty in keeping a constant tempera¬ 
ture for 10 days with this arrangement; in fact the temperature never 
varied more than 0*5° F. cither way. 

6. A small flask containing strong sulphuric acid and a long 
U-tube filled with pieces of pumice (previously ignited with sulphuric 
acid) saturated with strong sulphuric acid to completely dry the air 
coming from the germinating flask. 

7. Two sets of potash bulbs containing strong potash solution to 
absorb the carbon dioxide exhaled during germination. 

8. A U -tube containing pieces of pumice saturated with sulph¬ 
uric acid to absorb the moisture carried over from the potash bulbs. 
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9. A. small flask holding a little strong sulphuric acid, to act as a 
guard to 8. 

10. The aspirator for drawing air through the whole apparatus, 
and regulated so as to draw about 7 to 8 litres in 24 hours. The 
long, hooked tube depending from tlio tap of the aspirator ensured 
a uniform rate of flow, which was usually about 16 drops per 
minute. 

The efficiency of the apparatus was tested by weighing the absorp¬ 
tion apparatus (7 and 8), connecting the different parts, and aspirat¬ 
ing air for 24 hours. The gain of the weighed parts was found to be 
only 0*0018 gram. 

The barley employed was a fine yellow Norfolk, harvested in 1885, 
and dried at 90° F. in January, 1886. The germinations were con¬ 
ducted from February to May (inclusive), 1886. 

30 grams exactly of the dry barley (90° F.) were taken for each 
experiment. Each sample was carefully selected from the same 
bottle, and all doubtful corns, such as thin, broken, misshapen, or dis¬ 
coloured, were carefully picked out. The weighed samples were 
steeped in similar quantities of water for 60 hours at 60° F. in a 
water-bath kept at that temperature by means of a thermostat. The 
amonnt of water taken up by the corn in this way about corresponds 
to the quantity usually required in the malting process. The water was 
changed twice during the steep. The steep water and washings were 
collected, boiled down to rather under 100 e.c., made up to that volume 
exactly at 15*5° C., and the gravity taken. The amount of solids in 
solution was determined from the specific gravity by using tlie 
divisor 8*95, which, if not strictly accurate, is sufficiently near for 
the purpose. 

At the end of the 60 hours’ steep, the barley was drained and 
washed, and the adhering water removed by gentle pressure in a clean 
cloth. The steeped barley was then weighed. The increase of weigh I, 
including the weight of solids extracted during steep, gave tl o 
amount of water absorbed. The barley was then transferred to flic 
germination flask. After weighing the absorption apparatus, the 
parts of the apparatus (Fig. 1) were connected together, all joint h 
being securely tied, and air was continuously aspirated. At intervals 
of about 24 hours, the time being carefully noted, the absorption 
apparatus (7 and 8, Fig, 1) was again weighed, the increase in weight 
giving the quantity of carbon dioxide absorbed. Tho growth of the 
barley was continned for 10 daj s in each case, and the stale of germi¬ 
nation observed from day to day. Once in 24 hours the flask holding 
the corn was gently shaken to prevent matting together of the rootlets. 
At the end of 10 days, the germinated barley was extracted from the 
flask and weighed to prove that no moistui'e had been absorbed 
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during the time of gei mi nation. It was found that the germinated 
barley lost a little in weight, the loss in every case being nearly 
represented by the weight of carbon oxidised to carbon dioxide. The 
actual loss sustained by the barley is really rather less than this, be¬ 
cause rather more oxygen is absorbed than is required for the pro¬ 
duction of the carbon dioxide. The barley was then dried in an air- 
bath for two days at 120° F., separated from the rootlets, and both 
were then weighed. The malt was securely sealed up in a small 
bottle and reserved for analysis. 

Six experiments were performed altogether, the germination being 
conducted at the following temperatures :—No. 1 at 38*3° to 43° F., 
No. 2 at 50° F., No. 3 at 55° F., No. 4 at 60° F., No. 5 at 65° F.. and 
No. 6 at 70° F. These temperatures were maintained throughout the 
germinating period in each experiment. Experiment No. 1 should 
have been conducted at 40° F. exactly, but. I had some difficulty in 
regulating the temperature at so low a point. 


The Production of Carbon Dioxide. 

Experiment 1.—30 grams of dry barley (90° F.) = 25*482 grams 
absolutely dry. Water absorbed during steep, 15*33 grams. Tem¬ 
perature during growth, 38*3° to 43° F. 


Bays. 

Interval. 

CO* 

00* 
id grins, 
per hour. 

Slate of germination. 

1 

lira. 

m 

grams. 

0 *0310 

1*3 

No signs of growth. 

2 

234 

0*0237 

1*0 

Bitto. 

3 

22 

0*024(1 

1*1 

Jlist beginning to bud. 

4 

21| 

0 0500 

2*3 

Buds considerably increased in size. 

G 

25* 

0 -05H1 

2 3 

In full bud, oue corn showing a rootlet. 

6 

22* 

0-W93 

a *2 

Many corns breaking bud and showing a 

7 

25 

0 0538 

2*2 

short single root. 

Most corns had a short single root rather 

8 

22} 

0 0597 

2 6 

longer than yesterday. 

Rootlets rather longer, some eorns showing 

9 

21* 

0-0651 

2*7 

jidditional short rootlets. 

Rootlets a little increased in length. 

30 

21 

0 0773 

3*2 

Rootlets rather increased m length, fresh 

Total... 

237* 

0*5013 


and white. 
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E^jperimmt 2.—30 grams of dry barley (00° F.) = 25*482 grams 
absolutely dry. Water absorbed during steep, 15-04 grains. Tem¬ 
perature during growth, 50° F. 


Days. 

Interval. 

OOg. 

co 2 , 

mgrms 
per hour. 

State of germination. 

1 

hrs. 

23 } 

grams. 

0*0432 

1*8 

.Tusl commencing to bud. 

2 

21 

0*0827 

3*4 

Full bud. 

3 


0 *12S0 

5*3 

Most corns with two or three short roots. 

4 

24 

0*1438 

6*0 

Root considerably increased, white and 

5 

21 

0*1401 

7*0 

strong. 

Growing steadily, spire beginning to show 

G 

25 


7*0 

under husk. 

Root strong, increased in length. 

7 

24 

0*1693 

7*0 

Growing steadily, spire about half up. 

8 

23£ 

0 1040 

G *9 

Root increased in length, spire about half 

9 

24 


6 *9 

up. 

Root a good length, spire about half up. 

10 

244 

0*1511 

6*2 

Root fresh and Btrong, about equal in length 

Total... 

238 

1*3682 


to an ordinary 7 or 8 day couch; spire 
about half up. 


Experiment 3.—30 grams of dry barley (90° F.) = 25*482 grams 
absolutely dry. Water absorbed during steep, 15*35 grams. Tem¬ 
perature during growth, 55° F, 





eo* 


Da} s. 

Interval. 

C0 3 . 

mgr ms. 
per hour. 

State of germination. 


hrs. 

grams. 



I 

10 

0*0515 

2*7 

<1 usi budding. 

2 

24 

0-J 257 

5*2 

Most corns showing a short root. 

3 

261 

0*2132 

8*0 

Root much increased. 

4 

m 

0-2073 

8 9 

Root considerably increased, spire showing 





under husk. 

5 

22 

0-20-10 

9*3 

A long, white root, spire nearly half up. 
Root increased in length, spire nearly half 

C 

25 

0 2300 

9*2 





up. 

7 

m 

0-2274 

9*0 

A long, fresh root, spire half up. 

8 

25* 

0-2341 

9*3 

Root still increasing, spire a little more than 





halt up 

9 

22} 

0-1930 

8 G 

Root still strong and fresh, spire half to 

10 

24* 



two-thirds up. 

0-2020 

8*3 

Root long and fading slightly, spire liulf to 
fully up. 

Total... 

235* 

1*8890 
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Experiment 4.—30 grams, of dry barley (90° P.) = 25*482 grams 
absolutely dry. Water absorbed during steep, 14*98 grams. Tem¬ 
perature dnring growth, 60° P. 


Bays. 

Interval. 

j 

co 3 . 

co 3) 

mgrms. 
per hour. 

State of germination. 

I 

hrs. 

23* 

grams. 

0*0897 

3*9 

Nearly full bud. 

2 

21 i 

0-1975 

9*1 

Beginning to mate root. 

3 

25£ 

0*2619 

10 3 

Root increasing rapidly. 

Root growing rapidly, spire about one-third 

4 

25 

0 *2794 

11 *2 

5 

23} 

0*2436 

10 *3 

up. 

Strong white root, growing fast; spire 

6 

m 

0*2170 

10 *0 

halt up. 

Root healthy and growiug, spire one-third 

7 

26 

0*2299 

8*8 

to two-thirds up. 

A long, healthy root, spire one-third to 
nearly up. 

Root still healthy, spire half to full up. 

8 

231 

0 *1894 

8*1 

9 

21 

0 *1785 

7 4 

Root beginning to fade a little, spire half to 

10 

24* 

0*1748 

7*2 

full up. 

Root long and slightly faded, Bpire lmlf to 

Total... 

a 



full up. One corn with a little blue 
mould. 


Experiment 5.—30 grams of dry barley (90° P.) = 25*482 grams 
absolutely dry. Water absorbed during steep, 15*00 grams. Tem¬ 
perature during growth, 65° P. 


Bays. 

Interval. 

C0 3 . 

00* 
mgrms. 
per hour. 

State of germination. 

1 

lira. 

23 

grama. 

0-1397 

6*1 

Breaking bud and allowing a single root. 

2 

21J 

0-2682 

».e turn 

Yery rapid growth of root. Many corns 

3 

2-1* 

0*3135 

12*8 

with tw r o or three long roots. 

Root btill growing rapidly. 

4 

25 

0-3164 

12*7 

Root considerably increased, spire about 

5 

231 

0*254*8 

10 *8 

half up. 

A long, curly, healthy root, spire half up. 
Root still growing and healthy, spire rather 

0 

23* 

0*2329 

9 9 

7 

23 i 

0*2136 

9*0 

more than hall up. 

Root still healthy, but slightly faded, spire 

8 

26i 


7*7 

about two-thircls up. 

Root very long and still healthy, but a little 

9 

21} 

0-1885 

8*7 

faded; spire half to three-quarters up. 
Root a little more faded. 

10 

27} 

0-1774 

6*5 

A long root, still healthy, but a little faded; 

Total... 

240* 

2*8075 


spire half to fully up. 
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Experiment 6.—*30 grains of dry barley (90° F.) = 25*482 grams 
absolutely dry. Water absorbed during steep, 15 38 grams. Tem¬ 
perature during growth, 70° F. 


Days. 

Internal. 

co 2 . 

CO a , 
mgrius. 
per hour. 

1 

lirs. 

221 

grams. 

0-1541 

6 0 

2 

2,U 

0*3202 

11-0 

3 

23 

0*3333 

14*5 

4 

24J 

0*2059 

12 * fc 

5 

221 

0 *2531 

11-2 

6 

231 

0*2341 

1 10-0 

1 

2t> 

0 *24.03 

9*2 

8 

2H 

0*2140 

! 9-2 

| 

0 

251 

0 *2146 

I 8*4 

10 

2H 

0 2181 

9 0 

Total... 

238i 

2*4810 

1 


State of germination. 


A short root on most of the coniH. 

Most corns with several short roots. 

Quite a bushy root, strong and fresh look¬ 
ing ; spire one-third up. 

A long, curly root, spirt* about half up. 

Root strong and vigorous, spire half up. 

A good rod, spire half to two-thirds up. 

Root rather longer aud bUll Irobh, spire 
about two-thirds up. 

Root long, still healthy; spire half to fully 
up. 

Root still fairly fresh, spire half to fully up. 

Root a little faded, spire half to fully up. 


The figures given in tlie foregoing experiments show plainly the 
effect of temperature on the production of carbon dioxide by germ¬ 
inating barley. The most striking feature is the rapid increase in the 
evolution of the gas during the first few days of growth, as shown by 
the amount produced per hour each day, especially at tho higher 
temperatures. As the temperature is raised, tho maximum evolution 
takes place at an earlier stage of germination. 

I give three series of curves, at the end of tho paper, the first 
showing the progress of the evolution of carbon dioxide from day to 
day from start to finish in each experiment; the second scries, the 
evolution in milligrams per hour each day for each experiment; aud 
the third series consisting of two curves combining the six experi¬ 
ments, and showing the total production of carbon dioxide aud of dry 
root at the different temperatures. An inspection of those curves 
will show more plainly the effect of temperature during germination 
than any number of figures, however carefully arranged. 

To begin with Series I, it will be noticed that, as tho temperature 
is raised, the curves tend to lie closer together, showing pretty 
clearly that, as the tempei-atcre rises, the corresponding increase in 
the production of carbon dioxide tends to diminish. Tho next point, 
to be observed is the character of the curves themselves. The three 
lowest curves have their convexity, generally speaking, turned 
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SERIES III. 

CURVES SHOWING THE PRODUCTION OF CARBON DIOXIDE AND DRY ROOT 
AT DIFFERENT TEMPERATURES IN ALL SIX EXPERIMENTS. 

CURVE I. RELATES TO WEIGHT OF CARBON DIOXIDE IN GRAMS 

CURVE II. RELATES TO WEIGHT OF DRY ROOT IN GRAMS 

THE FIGURES ON THE CURVES REFER TO THE DIFFERENT EXPERIMENTS 


Grams. 
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towards the horizontal line, while the three highest curves have their 
convexity tamed in the opposite direction. 

The curvcR given in Senes II show, in a remarkable way, the rate 
of production of carbon dioxide for each day as measured in milli¬ 
grams per hour. In Experiment l, at 40° F., allowing for the small 
variations of temperature in this case, the rate of production of 
dioxide gradually increases from start to finish. In Experiments 2 
and 3, at 50° and 55° F. respectively, the evolution of the gas increases 
till the fifth day of growth, after which, practically speaking, it 
remains on a dead level, though a slight falling off is noticed towards 
the end. The curve for Experiment 4 shows the greatest production 
of carbon dioxide on the fourth clav, after which period the rate of 
evolution steadily diminishes. In Experiments 5 and 6, at 65° and 
70° F., the evolution of the gas, though very rapid at first, reaches 
its highest point rather earlier; for No. 5, between the third anti 
fourth days, and for No. 6 on the third day of growth. In both these 
experiments, the rate of decrease from the maximum is seen to bo 
pretty rapid to the close. 

An inspection of the curves given in Series III, comparing the 
total quantity of. carbon dioxide produced in the six experiments 
with the weight ot dry root formed, shows some degree of similarity 
in their form. Each bend of the one has a counterpart in the other. 
The chief point to be noticed, however, is that, though there is a con¬ 
siderable falling off in the increase of the quantity of carbon dioxide 
ptoduccd when the temperature rises above 55° F., yet the effect of 
the increase of temperature above the same point in diminishing the 
increase in tho weight of dry root formed is very much more marked, 
as the curve plainly shows by tho sudden bend at this point towards 
the horizontal. I shall refer more particularly to this peculiarity in 
these two curves when I como to consider the constitution of tho 
different malts. 

I will now give tho results of the experiments as they relate to the 
weight of malt and root obtained, the carbon oxidised, and tho loss 
d uving steep, <&e. 

It will ho seen from the figures in the following table that the 
amount of malt obtained decreases as tho temperature is raised, up to 
65° F., a slight increase being shown at 70° F. over tho quantity at 65° F. 

The amount of root increases up to 65°, and at 70° F. a slight 
deci'ease is observed. 

The quantity of carbon oxidised increases with the temperature all 
through the series. 

The six malts obtained were carefully analysed by methods or 
modifications of methods chiefly due to Mr, 0. O'Sullivan, and pub¬ 
lished in ihe Transactions of the Chemical Society. 
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Experiment. 

Temperature .... 

1 . 

38 3° to 43° S'. 

2. 

50° F. 

3. 

55° S'. 

4. 

60° F. 

5. 

05° F. 

0 . 

70PF. 

Absolutely dry malt 
„ „ root 

Carbon oxidiBed.... 

grams 

21*195 

0*298 

0*1458 

0*220 

grams. 
23 *258 

1 *048 
0*3731 
0 280 

grams 

22*553 

1*401 

0 5152 
0*272 

grams 
22 435 
1*483 
0*5823 
0*252 

grams. 

22*171 

1*578 

0 *0293 
0*190 

grams. 

22*191« 

1 *487 

0*0775 

0*240 

Sum.............. 

25-1588 

25 -4820 

24*9591 

25*4820 

24 8012 

25-4820 

24 7323 

25-4820 

24- 5G83 

25- 4820 

24- 5985 

25- 1820 

Absolutely dry bar- 
lev. ... 

Loss, mostly due to 
water liberat ed by 
probable combus¬ 
tion of carbo¬ 
hydrates . 

0-3232 

0*5229 

i 

0 *6808 

0 7407 

0-0137 

0 8835 



The following determinations were made and calculated to the di y 
malt; and from the numbers thus obtained, the results wore cal¬ 
culated to the corresponding quantity of dry barley :— 

1. Fatty matter, 

2. Mixed sugars, 

3. Soluble carbohydrates other than sugars. Bodies belonging 

probably to the class of amjIans. 

4. Starch. 

o. Cellulose. 

6. Nitrogenous substances soluble in water at 40° 0., and per¬ 

manently soluble after boiling, 

7. Nitrogenous substances soluble in water at 40° 0., and coagulated 

on boiling. 

8. Solids permanently soluble in water at 40° 0. 

9. Starch conversion products termed by the action of diastase at 

40° C. 

The numbers obtained under 9 arc intended to convey some notion 
of the dia&tatic activity of the different malts. The amount of the 
starch conversion products due to the action of the diastase in the 
malt on its own starch at a low temperature (40° 0.) is found by 
deducting the sum of the percentages of sugars, of soluble carbo¬ 
hydrates other than sugars, and of the permanently soluble nitro¬ 
genous compounds from the percentage of solids dissolved by water 
at 40° C., a» found under 8. 

These figures show either that the malts possess different diastatio 
powers, or that the starches present in the malts are in such a condi¬ 
tion as to render thorn susceptible to the action of diastase in very 
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different degrees. For my own part, I am inclined to favour the first 
supposition, namely, that the amount of starch conversion products 
found was due to the activity of the diasfcatic ferment in each case. 

I append here the fignres obtained in the analyses of the six samples 
of malt produced in the experiments (p. 676). 

An examination of the figures relating to the composition of the 
dry malt roveals a decided difference in their character throughout 
the series. Taking the different constituents determined in tho order 
they are set down, the fats appear to decrease in quantity, gradu¬ 
ally, as the temperature of germination is raised. The sugars 
increase (with a jump in the first 10 degrees) up to 55° F., after 
which the amount found is less, though slightly higher at 70° F. than 
at 65° F. 

The soluble carbohydrates other than sugars increase, as in the 
case of the sugars, very rapidly at first; at 50°, 55°, and 60° F. they 
remain practically unaltered; but at 65° and 70° F. they show a 
falling off in quantity. The starch decreases rapidly between 40° 
and 50° F., and at 55° F. still shows a decided decrease. Tlie figures 
show an increase from this point up to 70° F. The quantity of 
cellulose tends to decrease as the temperature rises. The permanently 
soluble nitrogenous compounds show an increase up to 55° F., but 
beyond this point up to 70° F. there is a gradual decrease. The 
coagulable nitrogenous compounds are present in small quantify; 
there is a gradual increase np to 60° F., above which temperature 
rather less is found. The starch conversion products formed by 
digosting i he malts with water at 40° 0. follow the same rule as the 
permanently soluble nitrogenous bodies, showing a maximum at 
55° F. 

The most important point brought to light by a consideration of 
these resnlts is, that the sugars reach their maximum, the starch 
suffers the greatest amount of degradation, the permanently soluble 
nitrogenous compounds are present in greatest quantity, and the dia- 
static ferment is the most active, all in tlie malt grown throughout 
at a temperature ol 55° F. The evidence as to the peculiar change 
in the composition of the malts which were grown at a temperature 
above 55° F. is strongly corroborated by tho determination of the 
carbon dioxide and dry root formed. A mere inspection of the two 
curves in Series III demonstrates clearly enough that there must be 
some remarkable change at the above-mentioned point. It appears, 
also, as if, at the higher temperatures, a portion at least of the carbon 
dioxide was produced more at the expense of the sugars and other 
soluble carbohydrates, formed at the earlier stages of germination, 
than that the starch alone, by its oxidation, furnished the whole of 
the gas. 
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The numbers showing the composition of the malts as calculated to 
dry barley (II) from the proportions given in the first table (p. 674) 
are chiefly useful in furnishing a test as to the general accuracy of 
the detonninations. 

Tf we add together the numbers representing the sugars, soluble 
carbohydrates other than sugars, starch cellulose, and carbon oxidised 
reckoned as CoH^O-,, we ought to obtain numbers showing a small 
decrease from 40° F. up to 55° F. sufficient to allow for the carbo¬ 
hydrates formed in the rootlet; bnt above 55° F the numbers should 
be nearly the same, though least at 65° F,, where the maximum amount 
of root was obtained. 

An application of this test gave the following results :— 


Temperature. 

Experiment. 

40° F 

1 . 

50° F 
< 




■ 

Sugar* . 

2 *75 

0 *54 

7-37 

5 64 

4 *86 

'I 

5 TO 

Soluble carbohydrates .. 

4 84 

7 10 

7*15 

7-26 

6 31 

6 30 

fit arch. 

57 81 

40 70 

17-20 

18 *71 

48 76 

19 00 

Cellulose . 

7 77 

6*60 

6*72 

G 55 

6*38 

1 6-23 

Carbon as C,JI, 0 O 5 .... 

1*28 

3*28 

4*54 

4*97 

5-57 

5*98 

Total*. 

74*45 

73-52 

72-98 

73 *13 

71-88 

72-G1 


These totals turn out nearly as expected, though No. 5 appears 
to bo rather too low as compared with the others. On the whole, 
considering the nature of the analyses and the probable individual 
differences in the samples of barley grown, the result may be con¬ 
sidered as highly satisfactory, and as affording fairly reliable testi¬ 
mony to the value of the experiments. Of course, the totals above 
given are partly derived on the assumption that the whole of tlie 
carbon dioxide formed during germination is derived from the oxida¬ 
tion of a carbohydrate of the empirical formula C<,H 10 0,; whereas 
I am inclined to infer, from a consideration of the analytical results, 
that a small part of this gas, especially at the higher temperatures, 
is probably derived from the nitrogenous compounds, both soluble 
aud insoluble, present in the barley. 
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LXV .—Researches in the Triazine Series, 


By Raphael Meldola, F.R.S., and Martin 0. Forster. 


According to the nomenclature proposed by Widman (Itmm, f, praiet. 
Ohem ., 1888, 28, 192), the closed chain compounds containing 
3 atoms of nitrogen and 1 atom of carbon of the form 




and X< 


OH—N 

NrrN 


are teimel respectively a- and /3-triazines. In 1889, a-phontriazin<» 
and some of its derivatives were obtained by Bisohlor (Ber., 1889, 22, 
2801) and by Bischler and Brodsky (ibid., 2809), but those authors 
give a different grouping to the nitrogen atoms:— 



Some members of the a-series were prepared simultaneously last 
year, by Goldschmidt and JEfcosell (Ber., 1890, 23, 505), from ortho- 
amidoazo-compounds and benzaldchyde, and by one of the authors by 
this method, as well as by inner condensation from orthoazo-deriva- 
tives of benzylidene-j8-naphthylamine (Trans., 1890, 57, 328). More 
recently Goldschmidt and Poltzer have prepared many other tri¬ 
azines by the action of various aldehydes on orthoamidouzo-com- 
pounds (Ber., 1891, 24, lUOO). 

The triazines thus prepared are derivatives of a dihydrotriuziuc of 
the type 


dST—Oil 
'H—]STH 


Goldschmidt and Poltzer consider that the formation of a triussinc 
by the action of an aldehyde on an orthoamidoazo-coinpound is an 
argument in favour of the liydrazono formula of the latter, 


JSMSTH-Y 

am 


(Ber., 1891, 24, 1002). On the other hand, it has boon recently 
pointed out by one of us and F. Hughes (this vol., p. 381) that the 
triazines are capable of being formed from bonzylidone orthoazo¬ 
compounds of the form 


^n:n*z 

^n:ch-y 
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which cannot be represented as bydrazones. The triazines arc 
produced from these compounds by the simple rearrangement of the 
bonds. This rearragemeut takes place readily under the influence of 
acids, as pointed out by one of us last year, and we have availed 
ourselves of this discovery for the preparation of a number of sub¬ 
stituted triazines by a method which has been found so generally 
applicable that one description will suffice. 


Preparation of Substituted Triazines. 

The azo-derivative of /3-naphtliylamine (or other ortlioamidoazo- 
compound) is introduced into a dry flask, and covered with from 10 to 
20 times its weight of glacial acetic acid according to its degree of 
solubility. The calculated quantity of benzaldehyde or other aldehyde 
is then added, and the contents of the flask kept gently boiling for 
about an hour. The solution is at first of a deep-orange or orange- 
red colour, but, as the triazine is formed, the colour becomes lighter, 
and an almost colourless solution is finally obtained if the operation 
has been successfully conducted. When cold, the contents of the 
flask are poured into a large volume of cold water. In most cases, the 
triazine separates out as a granular, whitish precipitate, which can 
be collected and washed. In the case of triazines containing but few 
acid radicles, and therefore possessing a somewhat basic character, it 
may be necessary to neutralise the excess of acetic acid by an alkali 
to ensure the complete precipitation of the triazine. If an excess of 
aldehyde is used, as is necessary if the original acetic acid solution 
has been made too weak, the separation of the triazine does not take 
place so readily, and the solution, after being poured into water, 
must bo boiled for some time to expel the excess of aldehyde. It is 
only after this condition has been complied with that the triazine can 
be obtained, under such circumstances, in a condition fit for filtration. 
The method described is applicable to all orthoamidoazo-compounds, 
and offers the advantage of enabling the triazines to bo prepared with 
practically theoretical yields, under ordinary pressure, without em¬ 
ploying very high temperatures, and with only the theoretical quan¬ 
tity of the aldehyde. 

Nomenclature of Triazine Derivatives. 

The simplest triazine of £he aromatic series is the phentriazine of 
Bischler. The corresponding compounds of the naphthalene series 
may be termed naphtriazines, ox*, more euphoniously, naphthotri- 
azines. The derivatives dealt with in the present paper are substi¬ 
tuted a-dihydronaphthotriazines. For the sake of brevity, the prefix 

VOL. lix. 3 it 
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“ a-dih.ydi' 0 - ” will be omitted. The parent compound of the present 
series is naphthotriazine, 




The triazines described in the present paper contain two or three 
aromatic nuclei, in any or all of which substituents may be present. 
It has therefore been found convenient to adopt some system of 
nomenclature by which the position of the substituents may be 
indicated. All triazines may be regarded as resulting from the union 
of an azo-group, X'XIN*, with an aldehyde residue, Y*CHI. The 
radicles X and Y may have therefore the abbreviated prefixes as and 
aid attached to them respectively. The naphthylene (or phenylene) 
nucleus requires no prefix, as its name is expressed in the name of 
the triazine. The following examples will illustrate the application 
of the proposed system of nomenclature :— 



az- Ph enylphentriazine.* 


CwH8 <‘ ] Sr_6H- C H J 


. as- Phenyl- aZe?-methylnaph thotriazine. 


The last compound has been prepared by Goldschmidt and Poltzer 
(J5er., 1891, 24, 1004) by the action of acetaldehyde on benzeneazo- 
8 -naphthylamine. According to the nomenclature of these authors, 
the compound is termed “ methylphonyldihydro-/3-naphthotriazin,” 
but this term is equally applicable to compounds of the formulae 


N-TS-CR* 

oH,< 2*-6h-c«: 


(Hs 


and 


Ci„He<|" 


-N-CtHi-CHj 

-CHj 


The system of nomenclature which is here proposed, although, 
perhaps, somewhat more cumbrous, avoids all ambiguity. It is un¬ 
necessary to multiply illustrations of the application of this method, 
as other examples will be furnished by the compounds described sub¬ 
sequently. It will be understood that the naphthotriazines hitherto 
prepared have the substituents in the a-^S-oi tho-positions, 

0 ^—K—C-X 

f /N j—iSr—& h-y 


* Might be prepared by the action of formaldehyde on o-amidoazobenzene. 
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Isomeric forms are possible, viz. :■ 


l N J v j-N-OH.T 


and 


X N—CH*Y 

i i 

N—N 



but the triazines of these types have not yet been prepared. 


DiphenylnapJithotriaxine and Derivatives. 

The above compound is very readily prepared in the manner 
described; its properties have already been made known in previous 
communications ( Bar ., 1890, 23, 506). This triazine was selected 
with the object of ascertaining, in the first place, whether substitu¬ 
tion took place in any definite manner, or whether a mixture of 
derivatives resulted from the action of the ordinary substituting 
agents, such as bromine, nitric acid, and sulphuric acid. 

Action of Bromine .—On adding bromine, dissolved in glacial acetic 
acid, to a solution of the triazine in the same solvent as long as a precipi¬ 
tate is formed, there is obtained a whitish substance which, after being 
collected and washed, was crystallised from alcohol and ihen several 
times from toluene till the melting point was constant. The product 
thus obtained forms flat, ochreous needles melting at 214°. Analysis 
showed that this compound, although apparently definite, was a 
mixtnre of the di- and tri-bromo-derivatives, and these could not 
be separated by further crystallisation. The results of analysis, after 
four successive crystallisations, were:— 

I. 02020 gram gave 0*1610 gram AgBr = 33*91 per cent. Br. 

II. 0*1861 „ 0*1537 „ = 35*14 

III. 0*1794 ., 01491 „ = 35*36 

IV. 0*1352 „ 0*1133 „ = 35*65 

Calculated for CajHisBrjlTj, 32*45 per cent. Br. 

„ C^HuBr^, 41*95 

Action of Nitric Acid .—The triazine was added in small portions to 
aboat 10 times its weight of well-cooled fuming nitric acid (1*5 sp. 
gr.). The substance dissolves quietly without much development of 
heat. After being allowed to stand in the cold for about an hour, the 
nitric acid solution was poured into cold water, and the ochreous 
precipitate thus thrown out was collected, washed with cold water, 
and dried. The dry product was very insoluble m most solvents, and 
could only be purified by dissolving in nitrobenzene and precipitating 

3 b 2 
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•witli alcohol. In this way three crops of: minute, oclircons crystals 
were obtained by successive filtratious and precipitations:— 

First Crop.—This was filteied off as soon as formed, washed witli 
alcohol, and dried. The melting point was vague (275—290°), so the 
dr}'product was redissolved in nitrobenzene, and again precipitated 
by alcohol. After being washed with alcohol and dried, the melting 
point was above 300° (about 305°), and the analytical results indi¬ 
cated a tetranitro-derivafcive:— 

0*1300 gram gave 20*7 c.c. moist IT at 8° 0. and 758 mm. bar. 

Calculated for 

C^CNO^Nj Found. 

IT . 19*02 per cent. 19*15 per cent. 

Second Crop ,—This consisted of minute, ochreons scales molting at 
295°. 

0 1042 gram gave 15*3 c.c. moist IT at 72° C. and 752*8 mm. bar. 

Calculated for 

C 2 {Hi^NO^NFound. 

IT. 17*87 per cent. 17*60 per cent. 

Third Crop .—This only separated after long standing, and was 
treated in the same way as the other crops. After being purified by 
dissolving in nitrobenzene and precipitating by alcohol, the product 
had a melting point of 249°:— 

0*1041 gram gave 15*7 c.c. moist IT at 11*5° C. and 760*4 mm. bai. 

Calculated for 

C 2l H l4 (N0 2 ) 3 N,. Found. 

IT . 17 87 per cent. 17 93 per cent. 

This also agrees with the formula of a trinifro-derivative. Jt 
appears, therefore, that fuming nitric acid in the cold gives rise to a 
mixture of totranitro- and two isomeric trinitro-triazines. As prac¬ 
tically nothing is known as yet concerning the way in which substi¬ 
tution takes place in the triazines, it appeared that the products 
obtained by tbe action of bromine and nitric acid were too complex 
and too difficult to separate to enable this part of the subject to be 
profitably pursued until a series of standard synthetically-prepared 
triazines, with the substituents in known positions, had been studied. 
The experiments were accordingly carried on in this direction, and 
the results obtained form the subject of the present communication. 

We may add that the triazine, when heated with about 10 times its 
weight of strong sulphuric acid at 100° for 10 minutes, is converted 
into a sulphonie acid which is extremely soluble in water, and of 
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which the barium and potassium salts are uncrystallisable. As the 
monosulphonic acid, prepared synthetically, is quite insoluble in 
water, there is no doubt that the product thus obtained is a poly- 
sulphonic acid. 


Az-O-'N 1TR0 PHENYL -aid- PH BNYLNA PHTHOTRIAZINE, 


CioHe 


"1ST- 


—CH- 


CoH, 


Orthonitrobenzeneazo-/3-naphthylamine (this vol., p. 373) was boiled 
’with about ten times its weight of glacial acetic acid and the theoret¬ 
ical quantity of benzaldehyde for an hour. The product, after 
being precipitated by water, washed, and dried, was twice crystallised 
from boiling alcohol. It separates slowly from the solution in the 
form of dense, semi-transparent, light ochreous, prismatic needles, 
mixed with a small quantity of some modification consisting of small, 
opaque, yellowish needles collected into warty agglomerations. The 
latter were present in very small quantity, as compared with the 
main product, and we were at first disposed to believe that some 
impurity was present in the original compound, and had beecnie 
segregated by crystallisation. Further experience with the nitrotri- 
azines, and the analysis of the two forms, has shown, however, that 
these compounds are susceptible of very remarkable modification in 
crystalline form, duo possibly to some kiud of isomerism (physical 
or stereochemical ?). The melting points were:— 

Ochreous prisms . 210—211°. 

Opaque needles. 208—209°. 


The two forms wore so distinct that they could be easily separated 
for analysis:— 

J. 0*2382 gram (prisms) gave 0*0324 gram 0O 2 and 0*0916 gram 
H a O. 

TI. 0*2055 gram (prisms) gave 0*5481 gram COs and 0*0878 gram 
H,0. 

III. 0*1529 gram (prisms) .gave 19*1 c.c. moist N at 11° O. and 

750*2 mm. bar. 

IV. 0*0790 gram (needles) gave 9*8 c.c. moist NT at 12° O. and 

757*2 mm. bar. 


Found. 


Calculated for 
CaHuNA. 

T. 

n. 

-A... 

III. 

iy' 

. 72-63 

72-40 

72-75 

— 

— 

. 4-21 

4-27 

4-74 

— 

— 

. 11-73 

— 

— 

14*68 

14*65 


C 

H 

NT 








684 MELDOLA AND FORSTER: THE TRIAZINE SERIES. 


The quantity of the opaque form was too small for farther analysis. 
The transformation of the transparent into the opaque form is appa¬ 
rently brought about by heat, as on hoating in a dry tube the trans¬ 
parent prisms become opaque at about 145°. 


^-m-ETlTBO L>irENYL-aZ(Z-PH HINT LNA PHTHOTRIAZHtfE, 

MOTO.W 


This compound, was prepared in the same manner as the preceding,, 
rom metanitrobenzencazo-/3-naphthylamine (Trans., 1884, 45, 110) 
nd benzaldeliyde. It dissolves in boiling alcohol very slowly, and 
we have since found that this property is generally characteristic of 
the nitrotriazines, these compounds all dissolving with extreme slow¬ 
ness, and separating with equal slowness from their solutions. Until 
this property had been realised, we attributed slowness of solution to 
actual insolubility, and our first preparations were accordingly crys¬ 
tallised from fusel oil, in which the substance dissolves more readily 
at the boiling point of the solvent. The compound was obtained by 
this means in the form of a dense cake of ochreous, rhombic crystals 
melting, after washing with ordinary alcohol and drying in the water- 
oven, at 228 5°:— 

0*2141 gram gave 0*5708 gram C0 3 and 0*0944 gram H s O. 


0*1227 „ 15*5 e.c. moist IT at 14*5° G. and 759*2 mm. bar. 

Calculated for 

CssHis^Oa- Found. 

C. 72*63 72*70 

H. 4*21 4*89 

1ST. 14*73 14*80 


Subsequent preparations of this triazine were always crystallised 
from methylated spirit. Long cohobation with the solvent is neces¬ 
sary before the solution is saturated, and the rhombic crystals sepa¬ 
rate but slowly on allowing the solution to stand. We have not yet 
been able to obtain crystals sufficiently well defined for measurement. 
In the course of our experiments we have again met with an apparent 
isomerism, or crystalline allotropy, of a similar character to that 
observed in the orthonitrotriazine. The difference in this case is 
revealed by a difference in solubility, the less soluble modification 
forming small, opaque, yellowish crystals which are apparently 
rhombic, but much smaller and less soluble than the large, trans¬ 
parent crystals of the more soluble modification. The difference in 
solubility is observed only when a low boiling-point solvent, such as 
methylated spirit, is used. The opaque, insoluble modification melts 
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at a lower temperature, viz., 225—226°. Analysis gave tho follow inc> 
result:— 

0*1 782 gram gave 21*6 c.c. N at 10*5° 0. and 7*77*3 mm. bar. 

Calculated. Found. 

BT. 14*73 14*80 

The transparent, rhombic crystals gradually undergo spontaneous 
transformation into the opaque, yellow form; light probably facili¬ 
tates the change. The melting point of a specimen which had been 
exposed for some weeks, and which had been observed to undergo 
this change, was found to be 226°. 


Aai-p-NlTROPHTCITtL-aZ^- I>HEN\ LNAPH THOTRIAZINE, 
CjoH 8 <^. —qh-CJEj 


This compound was prepared in the usual way, and crystallised 
from alcohol, in which it dissolves but slowly, and separates from tho 
solution, on long standing, in well-defined crystals. The substance 
dissolves unilormly, and no insoluble or opaque modification was 
observed, as in the case of the other isomerides. The melting point 
is not very well defined, as the substance decomposes on heating; it 
begins to shrink at 235°, and melts with blackening at about 243°. 
The purity of the compound was established by analysis:— 

0*2202 gram gave 0*5839 gram 0O 2 and 0*0865 gram H^O. 

0*1295 „ 16*3 c.c. moist NT at 13*3° C. and 757*2 mm. baa 1 . 


Calculated for 

C 21 E 16 N t 0 2 . Found. 


0. 72*63 72*32 

H. 4 21 4*36 

IT. 14*73 14*78 


The crystallographic characters have been studied by Mr. W. J. 
Pope, of tho Central Institution, who has been good enough to supply 
us with the following determinations:— 

“ Crystalline system. Monosymmetric. 

a : b : o = 1*5154 :1 : 1*2212. 

P = 57° 42'. 


a .... {100} 
b .... {010} 
c .... {001} 
{101} 
m .... { 011 } 


Forms observed— 
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Fig. 3. Fig. 2. 




Angle. 

m 100:001 

Humber of 
observations 
30 

55° 

Limits 
18'— 59° 

ir 

Mean. 
67° 49' 

Calculated. 
57° 42 / 

al 

001:101 

17 

50 

0— 50 

12 

50 6 

— 

ail 

100:101 

21 

71 

39— 72 

16 

71 65 

72 11 

bm 

010:011 

22 

38 

47— 41 

37 

40 35 

40 42 

me 

011:001 

25 

48 

58— 52 

21 

49 13 

— 

dm 

101:011 

6 

05 

7— 05 

48 

05 25 

65 18 

dm 

101:011 

3 

114 

46-114 

54 

1U 49 

114 42 

am 

100:011 

13 

69 

18— 69 

53 

G9 36 

— 

am 

100:011 

12 

110 

14 —110 

48 

110 27 

110 14 

Id 

010:101 

12 

89 

34— 90 

30 

89 68 

90 

0 

al 

100:010 

1G 

88 

45— 91 

43 

90 4 

90 

0 


This substance generally crystallises from alcohol in the form of 
small, transparent, brownish tables (Fig. 1), but crystals are often 
found in which parallel faces of tbe forms a{100}, c{001}, and d{ 101 j- 
are very unequal in size, giving rise to the peculiar wedge-shaped 
crystal represented in Fig. 2. 

The pinacoids a and 6 are generally the largest faces on the crystal; 
the form a{100} is much striated paiallel to the prism edge ab; 
w{011} is fairly bright, and more perfect than c{001} and d{l01}. 
The form &{010} is bright, and not striated. 

The crystals sometimes show only the piuacozds <z{100}, &{010}, 
and c{001}. 

There is an imperfect cleavage parallel to b(010) ; the crystals aa*o 
very brittle and slightly dichroic. 

The optic axial plane is (010). There is a very strong dispersion, 
the extinctions observed through a section parallel to (010) being as 
follows:— 

For yellow (Na) light, 2° 40' to the edge ho, and 47° 25' to the 
adjacent edge db. 

For green (Tl) light, 5° 30' to the edge ho, and 44° 35 f to the 
adjacent edge db. 
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Double refraction strong. 

Owing to the small size of the crystals, no further optical measure¬ 
ments could be made.” 

The nitrotriazines, ortho-, meta-, and para-, are distinctly basic; they 
all dissolve in hot alcohol mixed with hydrochloric acid, and the 
hydrochlorides separate out on cooling, especially when excess of 
hydrochloric acid is present. The ortlio-compound forms a hydro¬ 
chloride consisting of silvery scales; the hydrochloride of the meta- 
nitro-compound forms slender, white needles, and that of the para- 
nitro-compound long, prismatic needles. The acid is expelled from 
these salts at a temperature of 145°. The analyses generally indicated 
monohydrochlorides of the formula QaH lfa N 4 02 ,HCL Some of the 
preparations gave a higher percentage of chlorine than is required by 
this formula, indicating a tendency to retain a second molecule of 
hydrogen chloride. 


J.a-p-SuriPnoPiLEN'k L-cild- phen\ ln \ phtiio triazine, 
K-N-C,H 4 -HSO,(p) 

Cl ° 0 < n--6h-c 8 h 5 


The azo-compound required for the preparation of this triazine was 
obtained by the action of diazosulphanilic acid on ^-naphthylamine 
(Griess, Her., 1882, 15, 2191). We have found it possible to obtain a 
much larger yield than is given by Gricss’s original method by the 
following modification of the process:— 

The sulphanilic acid is diazotised in the usual manner, and mixed 
with the theoretical quantity of jS-naplithylamino dissolved in dilute 
hydrochloric acid. After standing for some hours, sufficient sodium 
acetate is dissolved in the solution to replace all free hydrochloric 
acid by acetic acid and ammonia is then gradually added till the 
•solution is faintly alkaline. Tho deop orange solution is then slowly 
raised to tho boiling point, and calcium chloride solution added to 
slight excess, tho contents of the vessel being then set aside for some 
hours till quite cold. Tho calcium salt is thus obtained as a pulp of 
tine, orange, needle-shaped crystals. These are collected, washed 
well with cold water, decomposed by boiling with a solution of 
potassium carbonate, the calcium carbonate filtered off, and the solu¬ 
tion evaporated to the crystallising point. The crystalline potassium 
.salt is then decomposed by dilute hydrochloric acid, and the free azo- 
sulphonic acid collected, washed, and dried. 

The conversion of the azo-compound into the triazine is effected in 
the usual way by heating with glacial acetic acid and bonzaldehyde. 
The azo-compound docs not actually dissolve in this case, but this 
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does not appear to interfere 'with the reaction. The triazinc, when 
formed, does not dissolve, as it possesses acid instead of basic proper¬ 
ties, but it remains as a heavy, white, crystalline deposit suspended 
in acetic acid. The crude product was purified by collecting it on a 
filter, washing with glacial acetic acid till free from colour, then 
washing with water, and drying. The dry substance was then 
powdered and boiled repeatedly with alcohol, this treatment having 
been found necessary to remove a retained trace of some impurity 
which interfered with the analytical results, the percentage of nitrogen 
being somewhat low before such alcoholic extraction. The triazine 
was finally obtained in a condition suitable for analysis by dissolving 
it in hot, dilute ammonia, filtering, and decomposing the ammonium 
salt by hydrochloric acid. The sulphotriazine separates at first as a 
bulky, white jelly, but on standing it gradually shrinks, and becomes 
dense and crystalline. The crystals are ill-defined, and appear to 
consist of irregular plates. The substance has no definite molting 
point, bnt blackens at about 250—260°. It contains water of crystal¬ 
lisation, which is not expelled at 125°. A specimen dried at 110° till 
constant in weight, and then at 125° for 1J- hours till constant, lost 
only 0"88 per cent.; the loss calculated for 1 mol. of water being 
4*1 per cent., and for ^ mol. 2*1 per cent. 

The greatest difficulty has been experienced in getting satisfactory 
results by the analysis of the free acid. Large numbers of combus¬ 
tions have been made, all of which tend to show that the compound 
retains irregular quantities of water. The difficulty is, moreover, 
increased by the necessity of using lead chromate and the consequent 
formation of oxides of nitrogen. The attached water appeal’s to be 
removed by prolonged and repeated cohobation with alcohol, in the 
manner described above as necessary for the purification of the com¬ 
pound. The only satisfactory numbers obtained were given by the 
analysis of preparations treated in this way:— 

0*2272 gram gave 0*5503 gram 00 2 and 0*0927 gram H a O. 


0*1860 „ 15*1 c.c. moist S” at 12° 0. and 769*3 mm. bar. 

0*1538 „ 0*0873 gram BaS0 4 . 

Calculated for 

C^Hi^aSOg. Found. 

C. 66*50 66*05 

H. 409 4*53 

1ST. 10*12 9*74 

S. 7*71 7*79 


The analyses of preparations, before treatment with alcohol, gave 
results varying from CgaHnJSTaSOfcHaO to CasH^^O^E^C). 

The triazinesnlphonic acid is almost insoluble in water and alcohol; 
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it possesses a taste which is at first bitter, and then intensely sweet. 
Its salts are also sweet. The potassium and sodium salts separate as 
white needles when the acid is dissolved in potash or soda, and an 
excess of the alkali added to the solution. The alkaline and alkaline 
earth salts of the acid tend to come out in a gelatinous condition at 
first, and become crystalline on standing. The calcium salt was pre¬ 
pared by adding calcium chloride to a hot aqueous solution of the 
neutral ammonium salt of the sulphonic acid. A white, gelatinous 
precipitate separated, which soon changed into a pulp of fine, white 
needles. After one crystallisation from boiling water, the salt was 
analysed:— 

0T688 gram gave 0*0248 gram CaSOi. 

0*4563 „ diied at 100°, lost 0*0333 gram on heating to 145° foi 
three hours, by which time the weight was constant. 

Calculated for 

[Cj { H 1G N}SO J _,Ca } 4II ,0. Found. 


Ca. 4*25 4*31 

H,0. 7 66 7*29 


The barium salt was prepared in a similar way, and forms a woolly 
mass of fine, white needles when dry. 

0*1524 gram gave 0*0353 gram BaS0 4 . 

0*3052 „ dried at 100°, lost 0*0102 gram when heated to 145% 
till the weight was constant. 

Calculated for 

[Cj {H 1 (,N J 80 J 3 Ba,23I 2 0. Found, 


Ba. 13*68 13*61 

H s O. 3*59 3*34 


Many other sails wove prepared in the same manner:— 

Zinc Halt ,—Prepared by adding zinc sulphate to the solution of the 
ammonium salt. Gelatinous at first; afterwards changes to white 
needles, soluble in boiling water. 

Lead Salt .—By adding lead acetate to the ammonium salt. 
Amorphous, while precipitate, soluble in boiling water, and separating, 
on cooling, in an amorphous form. 

Cobalt Halt ,—From cobalt nitrate and the ammonium salt. Rosettes 
of white needles, soluble in boiling water. 

Nickel Halt .—From nickel sulphate and the ammonium salt. 
Similar in appearance and properties to the foregoing. 

Copper Salt .—From copper sulphate and the ammonium salt. An 
amorphous, white powder, insoluble in water. 
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Manganese Salt .—From manganese chloride and the ammonium 
■salt. Opaque, whitish needles, soluble in boiling water. 


^-P"® R0MpnENYL ’^" PIIEVYLNAPHTH0TRIAZlJsrD > 


N- 

CioHe<£_ 


-N-C b H*Br(p) 

-CH’ObHs 


The azo-compound was prepared by the action of diazotised para- 
bromaniline on /3-naphthylamine hydrochloride in the usual way. 
On adding sodium acetate to the mixed solutions, the compound slowly 
separates as a cake of dense red resin. After crystallisation from 
alcohol, the pure parabrombenzeneazo-j3-naphthylamine was obtained 
in the form of beautiful, red, prismatic needles, having a melting point 
of 135°. From the latter the triazine was prepared in the usual way. 
After being twice crystallised from alcohol, the compound was pure, 
forming colourless prisms, which begin to darken at 195°, and fuse 
at 211° to a dark-green oil, which dissolves in alcohol with a bluish- 
green colour. Analysis gave the following results:— 

0*2310 gram gave 0*5632 gram C0 3 and 0’0855 gram H 2 0. 


0*1358 „ 12*2 c.c. moist NT at 21° O. and 756 mm. bar. 

0*2813 „ 0*1310 gram AgBr. 

Calculated for 

C^HigNjBr. Found. 

O. 66*66 66*49 

H. 3*86 4*11 

N . 10*14 10*16 

Br... 19*32 19*81 


The crystals of this triazine do not appear to undergo transforma¬ 
tion into an opaque form on heating, nor have we been able to obtain 
two modifications by crystallisation from alcohol or any other 
solvent. 


A5-p-CHL0RPHENYrj-a7£Z-PHi:NyL.NAPirTH0TRlAZIJffB, 

M-C.H.CiCp) 


Diazo-jp-chlorbenzene chloride was combined with /}-naphthyl- 
amine, dissolved in dilute hydrochloric acid, in the usual manner. 
On adding sodium acetate, the azo-compound separates out as a red 
resin, which dissolves readily in boiling alcohol, and separates on 
cooling in the form of long, orange-red needles. After two crystal¬ 
lisations, the melting point was constant, viz., 116°, and the substance, 
which does not appear to have been described, was analysed:— 

0*1679 gram gave 21 q.c. moist ST at 12° 0. and 767*4 mm. bar. 
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NT 


Calculated for 




N^C^Clfe) 

NH 2 (j8) 

14-92 


Found. 

14-97 


Tiie triazine dissolves readily in hot alcohol, and separates, if the 
solvent is diluted with a little water, in bundles of glistening, white 
needles, melting at 211—212°, and decomposing with the formation 
of a dark-green oil, similar to that resulting from the decomposition 
of the corresponding bromtriazine. The crystals which separated 
from dilute alcohol, after drying in the water-oven, gave the follow¬ 
ing result:— 

0*1243 gram gave 12‘2 c.c. moist N at 14*5° C. and 762*2 mm. bar. 


Calculated for 

GyH lc N 3 Cl. Found. 

. 11*37 11*53 


If instead of dilute alcohol strong alcohol is used as a solvent, the 
triazine slowly separates in the form of large, transparent crystals; 
these were submitted to Mr. W. J. Pope for measurement:— 

u Crystalline system. Anorthic. 

a :hic = 0*8830 : 1 : 0*7757. 
a = 89° 21'. p = 88° 45'. o, = 85° 49'. 

Fie. 3. 



e .... {100} 
h .... {010} 
d .... {110} 
m .... {011} 
i* .... {Oil} 

p .... { 101 } 
2 .... { 101 } 


Forms observed— 
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Angle. 

Ho. of 
measure¬ 
ments. 


Limits. 

Mean 

observed. 

Calculated. 

ad = 100 :110 

21 

39° 

9'— 

10° 26' 

39° 41' 

- 

— 

ad = 100 : 110 

4 

110 

14—110 26 

140 21 

110° 

19' 

id = 010 :110 

15 

46 

32 — 

47 3 

46 50 

4G 

8 

ab =100: 010 

17 

92 

47— 

94 40 

93 6 

94 

11 

ap = 100 : 101 

33 

47 

32 — 

48 24 

47 56 

- 

— 

pq = 101: 101 

31 

82 

0 — 

82 55 

82 40 

- 

— 

■aq =100: 101 

19 

48 

21 — 

50 47 

40 29 

49 

24 

bm = 0J0 : 011 

5 

51 

15 — 

51 54 

51 31 

51 

40 

1)1/1 = 011 ! Oil 

7 

75 

2 — 

75 49 

75 24 

75 

48 

Im = 010 : Oil 

5 

52 

13 — 

53 80 

52 32 

52 

32 

dp = 110 :101 

13 

58 

3 — 

59 1 

58 36 

- 

— 

pa = 101: Oil 

18 

55 

22 — 

55 50 

55 33 

_ 

— 

ltd = Oil : 110 

24 

64 

50 — 

G6 26 

G5 41 

65 

51 

dm = 110 011 

h 

64 

25 — 

60 27 

Go 43 

63 

47 

mq = Oil : 101 

4 

51 

56 — 

55 19 

55 8 

55 

55 

qd = 101 :110 

16 

58 

48 — 

60 56 

59 37 

60 

18 

am = 100 : Oil 

2 

87 

5 - 

87 43 

87 22 

86 

26 

am = 100 : Oil 

3 

92 

11 — 

92 40 

92 29 

93 

34 

mp = Oil : 101 

S 

51 

2 — 

53 3 

51 25 

51 

3 

bq = 010 :101 

3 

87 

20 — 

87 50 

87 42 

87 

50 

iq =010:101 

2 

92 

27 — 

93 1 

92 41 

92 

10 

sp = 211 :101 

1 




(approx) 25 38 

27 

40 

ds = 110 : 211 

1 




(approx.) 32 31 

30 

57 


The crystals consist of small, yellow-tinted, transparent prisms 
(Fig. 3). The forms a{100} and d{110} are large and badly 
developed; the other forms are small and bright. The form ${211} 
occurs but seldom, and is very minute. 

The extinctions through <x(100) and <7(110) are parallel to the 
prism edge, but the crystals are too small and too brittle to permit 
of sections being cut for the determination of the optical constants. 

Double refraction strong. No definite cleavage. 

The crystals gradually become opaque and amorphous, especially 
on exposure to light. 


These crystals contain alcohol of crystallisation; on heating, they 
become white and opaque at 100°, they darken at 185°, and melt with 
decomposition at 206°. They become opaque and amorphous spon¬ 
taneously on keeping for some time. The alcohol is expelled at 
100 °:— 

O’4530 gram, dried in air and then in the water-oven till constant, 
lost 0*0503 gram. 

Calculated for 

QftSigNaCljCoHgO. Found. 

CJffgO. 11*07 11-10 
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Another preparation of the triazine, which for some unknown 
reason had become contaminated with coloured impurities during 
formation, was crystallised several times from toluene, in which it 
dissolves freely, when the solvent is boiling, and separates on cooling 
as a white, crystalline cake. This specimen, when dry, had the same 
melting point, 206°, and gave the following results on analysis:— 

0*1425 gram gave 0*3876 gram C0 3 and 0*0594 gram H 2 0. 


0*1620 „ 16*2 c.c. moist IT at 21*5° C. and 757*6 mm. bar. 

Calculated for 

C23H 16 NjC 1. Found. 

O .. 74*69 74*18 

H. 4*33 4*63 

N. 11*37 11*30 


The supply of material having become exhausted, no further 
analyses were possible. The crystals obtained from toluene are much 
smaller and not so well defined as those obtained by slow crystallisa¬ 
tion from strong alcohol. 

Az-?a-NlTR0 PH E XYL-a Id- 171 -XITIiOPH ENTLNAPHTHOTR1AZINB, 

This compound is easily prepared by heating metanitrobenzeneazo- 
/?-naphthylamine with the calculated quantity of metanitrobenz- 
aldehyde in glacial acetic acid. In a few minutes the solution 
becomes colourless, and the triazine separates as a heavy, white 
crystalline deposit. In order to purify the product, it was repeatedly 
•extracted with hot alcoholic soda, by which treatment a trace of some 
orange colouring matter was removed. After being washed with 
water and dried, the substance was crystallised from boiling glacial 
acetic acid. It dissolves but very sparingly in this solvent, and is 
quite insoluble in alcohol, the benzene hydrocarbons, and other 
ordinary solvents. The substance possesses no basic properties, as it 
is uudissolved by alcoholic hydrochloric acid. Neither does it possess 
acid properties, as it is undissolved by alcoholic soda. The crystals 
whioh separate from acetic acid are rhombic, and consist apparently 
of two kinds, one being light ochreous and the other slightly orange. 
It is possible that this indicates the same kind of isomerism or 
crystalline allotropy observed in the other triazincs, but the crystals 
were inextricably mixed, and could not be separated by mechanical 
sorting. 

Analysis revealed the fact that the crystals contained acetic acid of 
crystallisation:— 
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0*2200 gram, dried at 100°, gave 0*5005 gram CO» and 0*0848 gram 

H,0. 

0*1375 gram, dried at 100°, gave 16 90 c.c. moist N at 18° C. and 
755*4 mm. bar. 

0*5131 gram, dried at 100°, lost 0*0648 gram wlien dried at 145° till 
constant. 

Calculated for 

Co^HisNjO i,CoH J-O 2 - Found. 


C. 61*85 62*04 

H. 3-91 4-28 

N". 14-43 14-09 

CjHiOs. 12-37 12-62 


0-1609 gram, dried at 145°, gave 0"3837 gram CO, and 0-0573 gram 
HjO. 

0-1C00 gi-am, dried at 145°, gave 14'2 c.c. moist If at 18-5° C. and 
759*2 mm. bar. 

Calculated for 

GyHjjNA- Found. 


0 . 64*94 65*03 

H. 3*53 3*95 

N. 16*47 16*32 


The substance melts at 248—249° with blackening. The crystals, 
which are semi-transparent, become quite opaque on heating rapidly 
to 140°, and even in the water-oven gradually undergo the same 
change without losing acetic acid. The change is, therefore, due to 
crystalline modification, and is not connected with the loss of acetic 
acid. 


«d£-p-HlTROPIinNYCi-u7(7-J>NlTIK)PIEEiiYLNAPHJ IIOT1UAZINK, 

6< isr— 


This compound was prepared in precisely the same way as the 
foregoing from paranitrobenzeneazo-/?-naplithylaminc and paranitro- 
benzaldehyde. The triazine forms very rapidly, and separates from 
the acetic acid solution in a crystalline form. In order to purify it, 
the crude product was collected on a filter, washed with cold glacial 
acetic add, and crystallised from the same solvent. The substance 
is practically insoluble in alcohol, and boiling glacial acetic acid was 
the only solvent that could be conveniently used. From this solu¬ 
tion, the triazine separates on cooling in two distinct forms, viz., 
opaque, sulphur-yellow needles, and minute, dull, orange, rhombic 
crystals, the latter being present only in small quantity. The melt¬ 
ing points were:— 
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Yellow needles. 267° with blackening. 

Rhombic crystals .... 269—270° with blackening. 

The rhombic crystals were not present in sufficient quantity to 
enable the complete separation of the two forms to be effected by 
mechanical sorting. After some trouble, enough of each was obtained 
for analysis, and the results showed that the yellow needles were free 
from acetic Staid, whilst the rhombic crystals contained 1 mol. of this 
acid:— 

0*1460 gram (yellow needles) gave 0*3479 gram C0 2 and 0*0553 
gram H 2 0. 

0*1314 gram (yellow needles) gave 18*9 c.c. moist N at 20*5° C. and 
758*3 mm. bar. 

Calculated for 

C 0 JH 15 N 5 O 4 . Found. 


C. 64*94 64*98 

H. 3*53 4*20 

M\... .. 16*47 16*43 


The fact that this form contains no acetic acid was established by 
drying a weighed specimen at 145°; the loss was only 0*23 per cent. 

0*0484 gram (rhombic crystals) dried at 145° gave 6*9 c.c. moist 
N at 19° C. and 752*8 mm. bar. 

Calculated for 

taHisNjOv Found. 

N. 16*47 16*20 

0 0575 gram (rhombic crystals), dried at 145°, till constant lost 
0*0070 gram. 

Calculated for 

Found. 

C 8 H 4 0 2 . 12*37 12*17 

The rhombic crystals are small and ill-defined, and not capable of 
being measured; they become quite opaque at 140°. A specimen of 
the mixed crystals before separation, dined at 145°, gave the following 
results:— 

0*1509 gram gave 0*3600 gram C0 2 and 0*0510 gram H a O. 

Calculated. Found. 

C. 64*94 65*06 

H. 3*53 3*75 

While the mononitrotriazines are, as already stated, sufficiently 
basic to form hydrochlorides, and the dimetadmitro-compound, above 
described, neither basic nor acid, the present diparadinitrotriazine is 

TOL. lix. 3 c 
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distinctly acid. It dissolves readily in cold alcoholic soda with a 
reddish-brown colour, and is reprecipitated unaltered hy acids. The 
substance is not reduced in alkaline alcoholic solution by prolonged 
heating with ammonium sulphide ; when heated for some hours with 
zinc-dust, the alkaline alcoholic solution is decolorised, but the 
original colour is rapidly restored on exposure to the air. A dihydro¬ 
derivative is probably formed at this stage. On continuing the 
heating with alcoholic soda and zinc-dust for some days, the triazine 
is reduced completely with the formation of amorphous, uncrystal- 
lisable products which have not been further examined. No definite 
salts of this acid triazine have as yet been obtained. The replaceable 
hydrogen is, doubtless, the atom* belonging to the aldehyde resi¬ 
due :— 


C 




-1ST—CoHi'NOi 

-CH-C e H4-N<V 

* 


By cohobating some of the substance with the calculated quantity 
of sodium hydroxide and methyl iodide in alcoholic solution, a methyl 
derivative has been prepared. The methylation is not complete by 
this method, but the unaltered triazine is easily removed by washing 
with alcoholic soda till the washings are colourless. The methyl 
derivative is then left as a yellow, crystalline powder. After being 
washed with water, cold alcohol, and then dried, the product was 
crystallised from glacial acetic acid diluted with a little water. After 
being collected and dried in the water-oven, the crystals were 
analysed:— 

0T350 gram gave 0*3267 gram CO> and 0*0491 gram H 2 0. 


0*1781 „ 24*8 c c. moist N at 20° C. and 76 5 4 mm. bar. 

Calulated for 

C j. Fbund. 

0 . 65*60 65*99 

H. 3*87 4*03 

N . 15*94 16 02 


The compound forms beautiful fern-like crystals of a dull yellow 
colour; it is but very slightly soluble in alcohol. Its constitution is 
no doubt expressed by the formula:— 

10 ^ir— 0 (Ch 3 )-CeH^N o 3 (» * 

The same product might perhaps be obtained by the condensation of 
paranitrophenyl-methyl-ketoue with paranitrobenzeneazo-/*-naphtbyl- 
amine. 
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^jJ-p-WlTROPHBNYL-aZ^-METHYLNAPHTHOTRIAZINE, 


^-6h. 


OH, 


The investigation of this compound is not yet complete, owing to 
want of material, and the description now given is to be regarded as 
preliminary to a further study. The triazine was prepared by coho- 
bating paranitrobenzeneazo-/$-naphthylamine in glacial acetic acid 
with a slight excess of acetaldehyde till the original colour of the 
solution had nearly disappeared. On pouring the contents of the 
flask into water, the triazine remains in solution, owing to its basic 
character, and is not precipitated till the excess of acetic acid is 
nearly neutralised by caustic soda. The crude product when dry 
was purified by first extracting it with hot toluene, in which the tri¬ 
azine is almost insoluble; by this treatment a resinous impurity was 
removed. The purified substance was then dried and crystallised 
from alcohol. It separates slowly from the alcoholic solution, partly 
in the form of rosettes of thick, oelireous prisms, and partly as an oil 
which only solidifies on long standing, and which is apparently a 
compound of the triazine with alcohol. The pnsmatic crystals melt 
at about 107°. The analyses of these crystals indicated that they also 
contained alcohol of cry stall isation :— 

I. 0*1167 gram gave 0*2823 gram 00 3 and 0*0582 gram H 2 0. 


II. 0-0984 

„ 0-2359 

„ 0-0477 

99 


Calculated for 

c !8 h„n,o 2i c 2 h 4 o. 
. 65-93 

Found. 


O.... 

i. 

65-97 

ir.' 

65-40 

H ... 

. 5-49 

5-54 

5-38 


.d 3- 0-M imiO XY PH E N YL- a/(Z- PH EN Y LN A PHTHOTKIAZ t N E, 



The azo-compound was prepared by combining dhzotised anisidine 
with /J-naphthylamine in dilute hydro jliloric acid solution in the usual 
way. The pure compound, after crystallisation from alcohol, forms 
beautiful orange scales melting at about 129°:— 

0*1879 gram gave 25*2 c.c. moist N at 21° 0. and 754*7 mm. bar. 


Calculated for 

n tt ^N 2 *C 6 H 4 *OCH 3 Found. 
. 15*16 


N 


15*14 
3 c 2 
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The triazine forms very readily by heating the above compound 
v?ith acetic acid and benzaldeliyde. After two or three crystallisa¬ 
tions from alcohol diluted with a little water, it was obtained in the 
form of beautiful, transpaient leaflets having a fern-like structure. 
The crystals are almost colourless, and have a melting point of 
167° 

0*1358 gram gave 0’3947 gram 00 2 and 0*066G gram H 2 0, 


0*1002 „ 10*2 c.c. moist N at 19*5 C. and 765*8 mm. bar. 

Calculated for 

C*H 19 N 3 0. Found. 

C. 78*90 79*26 

H. 5-20 5*44 

35T. 11*50 11*74 


This triazine is characterised by its ready solubility in alcohol as 
compared with the other triazines hitherto prepared. The specimen 
used for analysis was dried in the water-oven. 


AiS-jfl-N'APHTHYli-aZd-PHKNTLNAPILTHOTRIAZINE, 

sr-N-c IO H 7 (/3) 

Cl oH e< :N—6 h- Co H 5 * 


Amidoazo-jS-naphthalene is easily prepared by adding a solution 
containing the calculated quantity of sodium nitrite (1 mol.) to a 
solution of /3-naphthylaraine (2 mols.) in dilate hydrochloric acid. 
The azo-compound is readily transformed into the triazine by the 
process described. The crude product, after being precipitated, 
washed, and dried, forms an ocln-eous powder rendily soluble in alco¬ 
hol and benzene, but very difficult to crystallise as long as the 
smallest trace of impurity is present. The only solvent which gave 
satisfactory results for first crystallisation was methyl alcohol. From 
this the triazine separates in the form of rosettes of transparent, 
ochreous needles which contain methyl alcohol. The substance on 
heating begins to lose its transparency at 100°, and is quite opaque at 
120°. At 203°, it fuses to a dark-green oil. A specimen recrys¬ 
tallised from toluene formed tufts of stumpy, white needles melting 
at 204—205 3 . The substance, dried in air, was further dried at 150° 
till constant, with the following result 

0*4283 gram lost 0*0147 gram. 

Calculated for 
C 27 H iy N 3 ,*CH 4 0. 

... 3*H9 


CH 4 0 ( 


Found. 

3*43 
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For analysis the compound crystallised from methyl alcohol and 
dried at 140° was used:— 

0*1271 gram gave 0*3904 gram C0 3 and 0*0605 gram HiO. 

0 1572 „ 14*6 c.c. moist N at 18*5° O. and 762*3 mm. bar. 


Calculated for 

C 27 H 19 N 3 . Found. 

C. 84*15 83*75 

H. 4*93 5*27 

N. 10*91 10*72 


Although the crystals obtained by slow crystallisation from dry 
methyl alcohol are semi-transparent, if the solvent contains water, 
the substance separates in the form of opaque, white needles. 

In order to study the influence of the position of the nitro-group 
upon the properties of the triazines, we have prepared for comparison 
with the monomtro-triazines, previously described, a pair of isomeric 
compounds containing the nitro-group in the aldehyde residue. 


A^-PHENYL-aZd-^-NITROPHENYLNArHTHIOIRIAZIKE, 

U 1U H 8 <^— (j H "C«H 4 'N 0 2 (p )• 


By heating a solution of benzeneazo-/J-naphthylamine in glacial 
acetic acid with the calculated quantity of paranitrobenzaldehyde,the 
triazine separates out in a few minutes in the form of beautiful, 
yellow, rhombic prisms. The fact that the triazine separates from 
the acetic acid solution is immediate evidence showing that this com¬ 
pound is less basic than the isomeric compound containing the az-y 
nitro-group. The substance, after crystallisation from alcohol, forms 
fine needles of a sulphur-yellow colour melting with blackening at 
228—229°. Tho substance dried in the water-oven gave the following 
results:— 


0*1355 gram gave 0*3600 gram C0 3 and 0 0557 gram H*0. 
0*1286 „ 16*8 c.c. moist BT at 20° C. and 755*3 mm. bar. 


Calculated for 


. -a*— 

O . 72-63 

H . 4-21 

N . 14-73 


Found. 

72-45 

4-56 

14-83 


The substance crystallised from acetic acid retains some of tbe 
solvent, as in tbe case of the dinitrotriazines:— 
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0-1002 gram dried at 100° gave 12 c.e. moist N at 20° C. and 
760*7 mm. bar. 

Calculated for 

CoIT jOiit Found. 

]ST . 13*65" " 13*69 

An attempt was made to determine the acetic acid, but it was found 
that the whole of the acid was not expelled on prolonged heating at 
145—150°. The crystals of this compound are homogeneous. 


J^PHENYIi-aZd-m-NITnOniBNYLNAPHTHOTRIAZlNi:, 


, H Jjr-ipcut 

’ 1# 6 ^N—OH-C 6 H 4 -NO,(m) 


This compound was prepared by the usual method of heating 
benzeneazo-/3-naplithylamine with acetic acid and metanitrobenzaldc- 
hyde. The triazine forms very rapidly, and separates from the acetic 
acid in the form of whitish, prismatic needles. The substance was 
recrystallised from glacial acetic acid, and was thus obtained in the 
form of straw-coloured, prismatic needles melting with blackening at 
212°, and retaining acetic acid after drying in the water-oven. A 
specimen thus dried was analysed with the following results:— 

0*1477 gram gave 0'3875 gram 00 2 and 0*0617 gram HX). 

0*1133 „ 14 3 c.c. moist hT at 20*5° O. and 757*1 mm. bar. 

0*2674 gram, dried at 140—145° till constant, lost 0*0094 gram. 



Calculated for 

c* h 16 n 4 o 3 ,*o>h 4 o 2 . 

Found. 

c . 

. 71-40 

71-54 

H . 

. 4-30 

4-64 

N . 

. 14-17 

14-33 

^•CsHiOa • • 

. 3-80 

3-51 


The substance dried at 140—145° gave the following results:— 

0*1320 gram gave 0*3535 gram CO s and 0*0533 gram H>0. 

0*1022 „ 13*2 c.c. moist N at 18*5° 0. and 761*4 mm. bar. 



Calculated for 



c^h 16 na. 

Found. 

C . 

. 72-63 

73-02 

H . 

. 4-21 

4-48 

N . 

. 14-73 

14*89 


Ciystallisation from alcohol, as in the case of the isomeric aZd-p- 
nitro-corapound, deprives the substance of its acetic acid. It then 
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forms silky, straw-coloured needles melting with blackening at 
215°:— 

0*1094 gram gave 14*2 c.c. moist N at 20° C. and 762*6 mm. bar. 

Calculated. Found. 

N . 14*73 14*88 

This substance is less basic tban its isomeride, and is also less 
soluble in alcohol and other solvents. Its crystalline form appears to 
be likewise homogeneous. 

Reduction of the Niteotriazines.* 

During the course of the preceding investigation, a large amount 
of time has been devoted to the study of the products of reduction 
of the nitrotriazines. This part of the work has presented the 
greatest difficulty, especially in the case of the metanitrotriazine, 
owing to the complex nature of the products, the difficulty of separat¬ 
ing them, and the uncrystallisable character of some of the com¬ 
pounds. After much labour we have, however, succeeded in giving a 
very good account of these products; and, although we cannot con¬ 
sider this part of the subject to be absolutely complete, the ground 
has been so far cleared by our experiments that the subsequent 
study of these products can be resumed with a substantial basis of 
facts to start from. 

It was anticipated in commencing this branch of the investigation, 
that the mild rednetion of these compounds would have given bases 
resulting simply from the amidation of the nitro-group, i.e., amido- 
triazines. It was soon found, however, that the transformation in 
the case of triaziues containing an oz-nitro-group was of a more 
radical character, the whole complex of nitrogen and carbon atoms 
breaking down and recombining under the influence of the reducing 
agent. The detailed results arc given below, but the one general 
result obtained with the ortho-, mefca-, and para-nitrotriazines may be 
conveniently referred to flrst. Under suitable conditions these three 
compounds all give the anhydro-base, benzenyl-a-£-naphthylenedi- 
amine:— 

C 10 H b <^>C-C,H 6 . 

This base was first obtained by Ebell (. Annalen , 208, 328), but be 
erroneously describes it as crystallising in yellow needles, whereas 
our preparations were always white. Our identification of the base 

* We received much assistance in this part of the work from Mr. F. S. Bayley, 
to whom we take the present opportuuity of recording our thanks. 
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-was delayed for this reason till the compound was recently redesciibed 
by Koli (Annalen, 263, 313), with whose description our substance 
completely agrees. 

It is not easy to see at fi rst how the an hydro-base is formed from 
the nitrotriazine, as the conditions under which anhydro-ba&es are 
usually formed on reduction are not obviously present. It will be 
seen, however, from the results, that the oxygen of the nitro-group is 
the effective oxidiser in this case. The mechanism of the transforma¬ 
tion will be best considered after the experimental evidence has been 
submitted. 


Reduction of the az-o -Nitrojphtnyl Derivative . 

The substance was dissolved in alcohol with the addition of strong 
hydrochloric acid, and zinc-dust was added to the warm solution, 
which was allowed to stand, with frequent agitation, for about an 
honr. The solution was then filtered, and the filtrate diluted with 
water till a white substance began to separate. It was found that the 
addition of strong hydrochloric acid greatly promoted the separation 
of the compound. The latter consisted of fine, white needles, and 
proved to be the hydrochloride of the anbydio-base. We may remark 
that the insolubility of the hydrochloride of this base in the presence 
of hydrochloric acid is a most characteristic property. The salt is 
hut slightly soluble in cold water, but dissolves more freely in boiling 
water; in the presence of an excess of acid, it is but slightly soluble, 
even when the solution is boiling. The base obtained from this salt 
had the properties ascribed to it by Koll; m. p. 214°:— 

01278 gram gave 12 c.c. moist N at 12° and 77(i*G mm. bar. 

Calculated for 

CtfHjjNj. Found. 

N. 11*47 11*37 

Under the conditions of the experiment, the orbhonitrotriazino 
passes at once into the anhydro-base; no intermediate product was 
detected. The action of the reducing agent may be represented by 
the following equation :— 

+ 4H> = 0 i7 H M Sr a + CJMJBLO, + 2H,0. 


Reduction of the &z-^-Nitraphenyl Derivative . 

The reduction of this triazine was studied under various conditions, 
as we had a considerable quantity of the material to work with. Mild 
reduction was first tried in the following way . —The substance was 
dissolved in hot glacial acetic acid, and the solution diluted with 
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about twice its volume of alcoliol. When cold, zinc-dust was added, 
and the solution kepc cool by immersing the flask in water, the 
action of the reducing agent being promoted by occasional agitation. 
After about an hour, the solution was filtered and diluted with water; 
the white, flocculent precipitate thus obtained was collected, washed 
well with water, and then basified by dilute ammonia. The dry base 
was crystallised from dilute alcohol, and obtained in the foim of 
white needles. The analysis and melting point agreed approximately 
with the anhydro-base, but showed that the substance was not quite 
pure. It was therefore dissolved in boiling toluene, in which it is not 
very readily soluble, and allowed to crystallise. The substance separ¬ 
ates from this solvent in the form of warty aggregates of stumpy 
needles of a brownish colour. The base was pure after this treat¬ 
ment ; m. p. 214° :— 

0T000 gram gave 9*7 c.c. moist IT at 14*5° and 764*2 mm. bar. 

Calculated for 

CijUijNg. Found. 

NT. 11*47 11*43 

It appeal's, therefore, that even with a mild reducing agent, such 
as zinc-dust and acetic acid in cold alcoholic solution, the paranitro- 
triazine passes at once into the anhydro-base. 

Further experiments on the reduction of the compound in alcoholic 
solution with zinc-dust and hydrochloric acid were carried out, as this 
method was found to give the anhydro-base in quantitative yield, and 
we can recommend it for the preparation of this base in large quanti¬ 
ties. The mode of procedure is the same as that described above, 
hydrochloric being substituted for acetic acid ; there is no necessity 
for keeping the solution cool during the reduction. The exude hydro¬ 
chloride, which separates out as a white, crystalline pulp on dilating 
the alcoholic filtrate with water, can be recrystallised from a large 
volume of boiling water, or, after washing, it may be basified, the 
base dissolved in alcohol, and hydrochloric acid added to the hot 
alcoholic solution. The salt separates out on cooling in the form of 
white, silky needles. For final purification, it is best to rebasify and 
crystallise the dry base from toluene as described. Specimens of the 
pure base thus prepared gave the following results :— 

I. 0*1728 gram gave 0*5307 gram C0 5 and 0 0788 gram H a O. 

II. 0*1938 „ 0-5942 „ 0*0871 

III. 0-2045 „ 0-6266 „ 0*0924 

IY. 0*1383 „ 13*8 c.c. moist JN at 12 2° C. and 752 mm. bar- 
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0 

H 

N 


Found. 


Calculated for 
C I7 H 1S N.. 

I. 

II. 

III. 

~I? 

. 83-61 

83-75 

83-61 

83-56 

— 

. 4-92 

5-06 

4-99 

5-02 

— 

. 11-47 

— 

— 

— 

11*69 


Specimens of the pure hydrochloride gave the following results: 
0*3517 gram gave 0*4025 gram C0 3 and 0*0703 gram H a O. 


0*1269 „ 10*4 c.c. moist IT at 10*5° 0. and 775*4 mm. bar. 

0*2100 gram, burnt with lime, gave 0*1034 gram AgCl. 

Calculated for 

C 17 fl ^3,1101. Found. 

C. 72*72 72*35 

H. 4*63 5*15 

N. 9*98 9*98 

Cl . 12*65 12*19 


The aqueous and alcoholic solutions of the hydrochloride have a 
slight blue fluorescence; the alcoholic solution of the base does not 
fluoresce. The nitrate was prepared by adding dilute nitric acid to 
the alcoholic solution of the base; it crystallises in white, silky 
needles:— 

0 0805 gram gave 9*4 c.c. moist IT at 19*5° C. and 765*2 mm. bar. 

Calculated for 

C ir H 12 N 3 ,HNO* Found. 

1ST. 13*68 13*45 


The base crystallised from methyl alcohol was found to contain » 
quantity of this solvent approximating, as stated by Koll, to iCH A 0. 


Reduction of the &z-m-Nitrophenyl Derivative, 

The products of reduction of this triazine are more complex in 
character than those of either of the preceding compounds, and their 
investigation has entailed a very large amount of labour. The results 
have, however, justified the expenditure of time which has been 
bestowed upon them, as considerable light has been thrown by their 
study on the way in which the triazine ring breaks down under the 
influence of nascent hydrogen. 

Three distinct compounds have been isolated from the products of 
reduction of this nitrotriazine, viz.:—(1) The anhydro-base; (2) an 
azoxy-componnd; and (3) the amidotriazine. By the action of zinc-dust 
and hydrochloric acid on the nitrotriazine at the boiling point of the 
solvent, the chief product is the anhydro-base. At a lower tempera- 
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fare, a mixture of tlie anhydro-base and the amidotriazine is formed. 
The separation of these two compounds is not easily effected, and we 
have not yet succeeded in obtaining any quantity of the amidotriazine 
in a state of purity, although we have no doubt as to its being formed 
under the conditions specified. The experiments which have led to 
this conclusion were conducted in the following way :— 

The nitrotriazine was dissolved in hot alcohol, with the addition of 
an excess of hydrochloric acid. When cold, zinc-dust was added, and 
the solution briskly agitated, care being taken not to let the contents 
of tlie flask get more than perceptibly warm to the hand. When the 
reduction was complete, the solution was filtered, and then diluted 
with water. An excess of sodium acetate was then added, the addi¬ 
tion of this salt causing the separation of a bulky, white, curdy pre¬ 
cipitate. The latter was collected, washed with water till free from 
soluble salts, and then extracted with cold dilute hydrochloric acid, 
and filtered. The residue consisted of the hydrochloride of the 
anhydro-base. After crystallisation from alcohol and boiling water 
successively, it was analysed, with the following results :— 

0*0974 gram, dried at 100°, gave 7*6 c.c. moist N at 11*5° C. and 
754 mm. bar. 

1*0614 gram, dried at 100°, and then at 110° till constant, lost 
0 0919 gram. 

Calculated for 

Ci7HuN2,HCl,UH 3 0. Pound. 


1ST.. 9*10 9*19 

H 2 0 . 8*78 8*66 


The hydrochloride crystallised from water thus retains water of 
crystallisation, a fact not hitherto noticed in connection with this salt. 
A specimen deprived of its water by drying was also analysed:— 

0*2339 gram gave 0*6245 gram CO 2 , and 0*1072 gram H*0. 

0*1536 „ 12*9 c.c. moist N at 10-3° 0. and 746*5 mm. 

bar. 

0*1709 gram, burnt with lime, gave 0*0864 gram AgCl. 


Calculated for 


j?ouna. 

C. 72*72 72 81 

H. 4*63 5*09 

3J. 9*98 9*85 

Cl . 12*65 12*50 


The free base had the properties already ascribed to it. 

The filtrate containing the portion dissolved by cold dilute hydro¬ 
chloric acid had a strong greenish fluorescence. On making alkaline 
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'with, ammonia, a white, flocenlent base separated; this was collected, 
washed, and crystallised from dilute alcohol several times. The com¬ 
pound was finally obtained in the form of opaque, white needles. 
The analyses only approximated to the numbers required by the 
amidotriazine, but we have no doubt that the product consists of this 
base mixed with some of the anhydro-base. In the course of subse¬ 
quent experiments, using zinc-dust and acetic acid for reducing the 
nitrotriazine, we have obtained further quantities of this mixture of 
bases, and have been enabled to prove conclusively that the amido¬ 
triazine is one of its constituents. These experiments will be most 
conveniently described now. 

The reduction with zinc-dust and acetic acid was effected in cold 
alcoholic solution in precisely the same way as with the corresponding 
paranitrotnazine. After precipitation by water and washing, the 
product was extracted with cold dilute hydrochloric acid, aud thus 
divided into a soluble basic portion and an insoluble, ochreous residue. 
The base was thrown out of the filtrate by ammonia, collected, washed, 
redissolved in dilute hydrochloric acid, filtered, and again precipitated 
by ammonia. The product, after being collected and washed, was 
crystallised from dilute alcohol. The base formed the characteristic 
opaque, white needles, but was found by analysis to be impure. It 
was therefore crystallised from toluene, and obtained in the form of 
warty conglomerates of dull, whitish needles :— 

0T376 gram gave 0*4005 gram 00 2 and 0 0692 gram H a O. 


0*1043 „ 13*9 c.c. moist N at 15*5° G. and 764*4 mm. bar. 

Calculated for 

Found. 

C. 78 86 79 38 

H. 5*14 5*59 

N. 16*00 15*64 


These results are sufficiently close to indicate that the base extracted 
by cold dilute hydrochloric acid is the amidotriazine. The melting 
point was about 190°. 

The ochreous residue left after extraction by dilute hydrochloric 
acid was soluble in alcohol, and on adding dilute hydrochloric acid 
to the hot solution, a substance crystallising in orange needles sepa¬ 
rated out on cooling. This proved to be the hydrochloride of the 
azoxy-compouud mixed with some impurity, probably the hydro¬ 
chloride of the anhydro-base. Purification was effected by basifying 
the product, dissolving in hot alcohol, and recrystallising by the addi¬ 
tion of hydrochloric acid and water. After several such treatments, 
the product was finally basified, dried, and analysed:— 
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0*1730 gram gave 0*4911 gram C0 2 and 0*0751 gram H a O. 


0*0901 „ 12 c.c. moist N at 175 c 0. and 765*1 mm. bar. 

Calculated for 

u*h 16 n 3 -n 

CbH^Ns-N^ Found. 

C. 77*52 77*42 

H. 4*49 4*82 

K. 15*73 15*52 


This azoxy-compound forms flat, orange needles ; the base, when 
quite pure, is very difficultly soluble in alcohol and acetic acid, but 
its solubility appears to be enormously increased by association with 
impurities. It is not improbable that the insoluble form may he some 
kind of isomeride resulting from the action of heat upon the sub¬ 
stance during the process of solution. It was occasionally observed 
that after the impure base had dissolved in hot alcohol or acetic acid, 
the compound began to crystallise out, although the solution was kept 
boiling. Although this is apparently in favour of the explanation 
offered, it is also possible that the substance forms a soluble molecular 
compound wiili the anhydro-base or other impurity with which it is 
associated, and that it is only when this compound is resolved by the 
action of the hot solvent that the pure azoxy-base separates out. 
Further supplies of the material will he necessary to decide this point. 
The crystalline base has no definite melting point, but it begins to 
shrink at about 200°, and blackens and decomposes at about 
223—226 J . Attempts were made to acetylate the base by boiling it 
with acetic anhydride; the substance dissolves at first, bnt soon sepa¬ 
rates ont again in orange crystals. These, on analysis, proved to be 
the unaltered compound, the point of decomposition after* this treat¬ 
ment being raised to 247°, and the solubility in alcohol and aceiic 
acid being reduced to practically nil, either by complete conversion 
into the insoluble form, or by removal of the last traces of impurity. 
That the substance was not aeetylated was shown by tbe following 
result:— 

0*0883 gram gave 12 c.c. moist FT at 18° C. and 755 2 mm. bar. 

Calculated. Found. 

1ST. 15*73 15*59 

We must add that our attempts to acetylate the azoxy-compound 
were prompted by certain theoretical considerations, which will he 
discussed later on in this paper. We do not consider that the failure 
to acetylate under the conditions mentioned can be taken as conclu¬ 
sive proof of the absence of imidic nitrogen. 

For comparison with the foregoing results, a specimen of the riitro- 
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triazine was reduced in hot glacial acetic acid by means of zinc-dust. 
The treatment of the product was the same as before, and the portion 
insoluble in dilate hydrochloric acid was found to consist of the azoxy- 
compound, probably mixed with some anhydro-base. The basic 
portion was likewise submitted to the same treatment as before, our 
efforts being concentrated upon this substance, in order to obtain 
further information with respect to the amidotriazine. Some of the 
base was dissolved in dilute sulphuric acid, diazotised in the cold 
with sodium nitrite, and the diazo-salt then decomposed by boiling 
the solution. A regular evolution of nitrogen occurred, but the sub¬ 
stance which separated out was resinous and unpurifiable. The fact 
that the base can be diazotised is good evidence, however, that it 
contains an amido-group. 

Another portion of the base was aeetylated by heating with acetic 
anhydride, but the acetyl derivative did not appear to be more readily 
purifiable than the base itself. We were more successful with the 
benzoyl derivative, which was obtained by heating some of the dry 
base for about 10 minutes with excess of benzoyl chloride. After 
treating the product repeatedly with hot water, and finally with 
dilute ammonia, it was dissolved in hot dilute alcohol, an<J allowed to 
separate out. The substance was thus obtained as an amorphous, 
ochreous powder, which was dissolved when dry in boiling toluene, in 
the hope of obtaining a crystalline product. The compound dissolves 
with some difficulty in toluene, and separates out on cooling as a very 
definite deposit, which appears under the microscope to consist of 
minute, white, spherical aggregates. The aggregates do not appear 
to he distinctly crystalline, but this nodular, and almost cellular, 
structure is quite characteristic of the compound. When dry, it 
forms a white powder, which softens at 171°, and melts with blacken¬ 
ing at 176—177°. Analysis showed that this compound was the 
benzoyl derivative of the amidotriazine:— 

0-1036 gram gave 0*2995 gram C0 a and 0*0481 gram H s O. 


0*1079 „ 11*6 c.c. moist N at 19° 0. and 752*3 mm. bar. 

Calculated for 

CaHjgNg-NH-CjHaO. Found. 

O. 79*29 78-SI. 

H. 4*84 5*15 

N. 12*33 12*22 


A small quantity of the crude base which was lefc after the pre¬ 
ceding experiments was crystallised from toluene, and the first crop 
of crystalline nodules analysed, with the following result:— 

0*0637 gram gave 8*8 c.c. moist N at 16*5° C. and 749*9 mm. bar. 
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Calculated for 

CjjHi&Ns’NHg. Found. 

N. 16*0 1-5*84 

The melting point was the same as that of the former preparation, 
190—191°, and we consider that the substance thus isolated is the 
amidotriazine sought for. 


Theoretical Considerations . 


Before discussing the mode in which the triazine ring breaks down 
under the influence of reducing agents, it is necessary to consider the 
formula of the triazines generally, as two constitutions have been 
proposed. The orthoamidoazo-oompounds from which the triazines 
are obtained are regarded by some chemists as hydrazones, e.g., 
benzeneazo-/?-naphthylamine:— 


C 1 oH 6 < ] ^ h or C 10 H 6 <^^.^. 


In accordance with this view of the constitution of the ortho- 
amidoazo-compounds, Goldschmidt and Rosell suggest as one formula 
for the diphenyltriazine, 


.1ST—N'CetL 


C‘° He <N'—OH. 06 H a 


As was pointed out by one of us and F. Hughes in a recent paper 
(this vol., p. 381), the triazine can also be formed from benzeneazo- 
benzylidene-/J-naphthylamine by simple rearrangement of the bonds. 
Now this orthoazo-cornpound cannot be represented as a liydrazone 
unless we make the very improbable assumption that hydrogen 
migrates from the carbon atom of the aldehyde residue. The formula 
of the azo-compound can only be 


O 10 H 6 < 


n:n-c 6 h 5 

N:CH-C tt H 5 ’ 


and this and all its analogues are, as might be expected of time azo¬ 
compounds, highly-coloured substances. If, therefore, an azo-com¬ 
pound, which cannot possibly be formulated as a hvdrazone, passes so 
readily into a colourless triazine, it seems to us that the quinonoid 
formula of the triazines cannot be upheld, and at the same time an 
additional argument is furnished against the hydrazone formula 
of the orthoamidoazo-compounds, and, by implication, against the 
hydrazone formula of the ortho-oxyazo-compounds. 

While writing the present paper, another communication by Gold¬ 
schmidt and Brubacher (Ber., 1891, 24, 2300) has been published, in 
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which these authors bring* forward additional evidence in favour of 
the hydrazone formula. While admitting the extreme value of the 
experimental results, we cannot, however, accept these as conclusive. 
Tt would be out of place to discuss these results in detail here, as they 
have but an indirect bearing on the present subject, but we may 
point out that the reduction of such compounds as the acetate and 
benzoate of benzeneazo -/3-naphthol, and of similar ortho-oxyazo- 
compounds, appears to us more likely to give rise to the migration of 
the acid radicle from oxygen to nitrogen than from nitrogen to 
oxygen. It is not surprising, therefore, that acetanilide and benz- 
anilide should be found among the products of reduction. It is true 
that these products were not obtained by one of us and G. T. Morgan 
in the course of an analogous investigation published two years ago 
(Trans., 1889, 55, 114), but the difference in the results is no doubt 
due to our having used stannous chloride and hydrochloric acid, instead 
of zinc-dust and acetic acid, as a reducing agent. One argument 
against the hydrazone formula of the orthoazo-componnds is that the 
bydrazo-compounds obtained by Goldschmidt and Brubaclior are 
apparently non-phenolic.* 

Thus, taking as a type the benzoylbenzeneazo-jp-cresol of these 
authors, the two formulae for this compound are:— 

p TT /OC 7 H 5 0 p tt ^0 

° 7Ue <N:]sr-c 6 H 6 ’ ° 7H6 < %-k(c 7 h 6 o)-c 6 h 5 “ 

Old formula. Hydrazone formula. 

The hydrazo-compounds would be respectively:— 
p tt ^0*C 7 H 5 0 p tt ^OH 

I. II. 

A compound of formula II might be expected to be phenolic; the 
fact that it is not so appears, as is indeed admitted by the authors 
themselves, to give support to formula I, i.e the old fonnula which 
was assigned to the analogous /l-naphthyl derivative by one of us and 

* Another difficulty arising from the adoption of the hydrazone fonnula is the 
difference in constitution 'which must be assigned to the alkyl and alkorl 
derivatives of the ortho-azo-compounds. The alkyl radicle is undoubtedly 
attached to oxygen and not to nitrogen in the former oi these compounds (Meldola 
and Morgan, Trans., 1889, 55, 603). Goldschmidt and Bruhacher explain this by 
assuming that the salts of these compounds hate the true azo-formula 
C 6 H 5 'N 2 ’C 10 H 6 ‘OR. But if the salts have this constitution, their non-phenolic 
character is still a mystery. If, according to this view, C 6 H 5 *NH*N;C i0 H fl ‘O(£) is 
transformed into an azo-compound by mere contact with cold alcoholic potash, it 
may be argued with equal or greater force that C 6 H 3 *NyO, 0 H 6 ’OH(j8) is trans¬ 
formed into C 6 H 5 *N(C 3 H 8 O)*N;CiuH 6 ;O0d) by prolonged boiling wi^h acetic 
anhydride.—R. M. 
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G. T. Morgan in the paper referred to. As a question of constitu¬ 
tional chemistry the problem is, however, a most delicate one, and 
further investigation will be necessary before we can hope to have it 
solved. In the meantime, we see no reason for modifying the 
generally received formula for the orthoazo-compounds, or the corre¬ 
sponding formula for the triazines as used throughout this paper. 

The formation of the anhydro-base by the reduction of the ortho- 
and paranitro-triazines may be best interpreted by an appeal to the 
results obtained with the metanitrotriazine. The first action of the 
nascent hydrogen is no doubt the formation of a dihydro-derivative. 
We have already given evidence of the existence of such a compound 
in the case of the dinitrotriazine:— 


jsr-ir-oa-NO.Cp) 


When this compound is boiled in alcoholic solution with zinc-dust 
and alkali, it becomes decolorised, but immediately reoxidises in 
contact with the air. Admitting that this result indicates the 
formation of a very unstable dihydro-derivative, the question then 
arises as to the position of the hydrogen atoms. In the mononitro¬ 
compounds under consideration, two alternatives are possible:— 


CioH,< N—OH-C oHs 

H 


H 


and »• 6< -]sr_ 0 H 2 - 0 (> H 5 


The first of these appears the more probable, as it is more likely 
that nitrogen would be severed from nitrogen than nitrogen from 
carbon. Moreover, a nitrodihydro-derivative of the second formula 
might be expected, under the continued action of hydrogen, to give 
rise to an anhydro-base by inner condensation 


p w JST— 


Such a change is highly improbable, and we have never obtained a 
compound of this kind. The first formula may therefore be accepted, 
and this contains the group — NIL —QH—, which is most probably 
attacked by the oxygen of the nitro-group and converted into the 
group —NzCn, the nascent hydrogen at the same time removing 
part of this oxygen, and 2 mols. coalescing, with the formation of the 
azoxy-compound;— 


NK—N—' C 6 M—3ST-0 6 H 4 —N--HBL 
C w H fl <^ I - \ 0 / | ^>C 10 H 0 . 

Tsr==o—C oH 5 c 0 Hr-c:=]!r 

3 D 


VOL. LIX. 
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It was this formula which led us to suspect that the azoxy-coin- 
pound contained imidic hydrogen and to try the action of acetic 
anhydride upon it as already described. The further action of nasceni 
hydrogen on the azoxy-compound leads to the decomposition indicated 
by the dotted lines, a portion of this compound breaking down intc 
the anhydro-base and metaphonylenediamine, and another portion 
into the amidotriazine, which should accordingly have the first, and 
not the second, of the two fomnulos 


0 ioH 6 < f-c-c,h 5 5 

L 



If this interpretation of the formation of the azoxy-compound be 
correct, the replacement of the NTH 2 -group by hydrogen by the 
diazo-reaction should give rise to the compound 


Oi 0 H ( 




isomeric with diphenylnaphthotriazine. This point will be investi¬ 
gated subsequently. That the azoxy-componnd is, in fact, an intei* 
mediate product is proved by the circumstance that, when furthei 
reduced by boiling the alcoholic solution with zinc-dust and hydro, 
chloric acid, it gives the anhydro-base. 

From these considerations, it is legitimate to conclude that tht 
ortho- and paranitro-triazines pass through the same phases on 
redaction, only the nitro-group appears to be a more energetic 
oxidiser in these positions, so that the azoxy-stage is passed through 
more rapidly and the amidotriazine does not appear to be formed 
We have good evidence that an azoxy-compouud is formed also in the 
case of these nitrotriazines, and attempts will he made to isolate it 
The evidence in question is that if a solution of either of these com¬ 
pounds in cold glacial acetic acid be treated with a small quantity o: 
zinc-dust, insufficient for complete reduction, the solution, which is ai 
first colourless, becomes orange-yellow, and then again colourless il 
more zinc-dust is added. 

The reduction of other nitrotriazines has been studied to some 
extent, but this part of the work is not yet complete. The products 
thus far obtained result from the amidation of the nitro-group. 


Reduction of the az-p-Nitrophenyl-Zbid-methyl Derivative . 

We had only a very small quantity of this material to work with, 
bat the results obtained were sufficiently definite. On reduction ir 
alcoholic solution with zinc-dust and hydrochloric acid, a white. 
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crystalline base was obtained, which, after crystallisation from methyl 
alcohol, formed white needles melting at 173—174°. The substance 
is somewhat readily oxidised in warm air, with the formation of a 
reddish colouring matter; for this reason it could not be dried in the 
water-oven. A specimen was analysed after being allowed to dry in 
the air at the ordinary temperature for several days:— 

0T131 gram gave 18*3 c.c. moist hT at 19*5° 0. and 766*3 mm. bar. 

Calculated for 

C 18 H 14 N 3 -NH 2 ^0H 4 O. Found. 

N . 18*42 18*68 

The base crystallises well from dilute ethyl alcohol, and is but 
slightly soluble in the benzene hydrocarbons. By heating the sub¬ 
stance for a few minutes with acetic anhydride, an acetyl derivative 
was obtained, which was crystallised from dilute alcohol and obtained 
in the form of white needles which begin to shrink at 156° and fuse 
at 161—162°. 

0*0128 gram gave 1*9 c.c. moist 1ST at 20° C. and 760*7 mm. bar. 

Calculated for 

Ci 8 H 14 N 3 .NH.C 2 H 3 0. Found. 

N" . 16*97 16*99 

The reduction of the nitrotriazines containing an aZd-nitro-group 

gives rise also to the formation of amidotriazines, but these do not 
appear to be crystallisable, and their examination is not yet concluded. 
The base obtained in this way from the a^-phcnyl-aZd-p-nitrophenyl- 
triazine is characterised by the intense blue fluorescence which is 
displayed by its solutions, as well as by the solutions of its salts. 

We desire, in conclusion, to express our thanks to the Arm of Bead 
Holliday & Sons, Limited, for kindly supplying us with some of the 
materials used in this investigation, and also to Mr. Julian L. Baker, 
who assisted us by analysing some of tbe products described in this 
paper. 

Finsbury Technical College. 
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LXVI .—The Action of Picric Ohloride on Amines in Presence of Alkali . 
By G. So Turpin, M.A., D.Sc. 

The mobility conferred on a halogen atom which is directly attached 
to a benzene nucleus by the presence of nitro-groups in the system 
of atoms is considerably different in kind from that exhibited in the 
case of halogen derivatives of the paraffinoid hydrocarbons. With 
the object of determining more fully than had been done by previous 
workers the particular directions in which the halogen in a typical 
nitro-derivative tends to react, some experiments were begun by me 
in the October term of 1888 on the behaviour of picric chloride under 
various conditions where such bodies as methyl iodide readily react; 
but before other than negative results had been obtained the work 
was discontinued, and was only resumed recently, with results some 
of which are given in this paper. 

The negative observations above referred to were made in examin¬ 
ing the action of picric chloride on the sodium derivatives of ethyl 
malonate, and of metallic sodium on the same chloride. A good deal 
of time was spent over the first of these two reactions, but under no 
circumstances could any definite product other than sodium picrate be 
found, a result which is in agreement with the experiments of 
Dittrich (J5er., 23, 2725), who has, however, found that with sodium 
ethylacetoaeetate picric chloride reacts in more normal fashion. 

The activity of the chlorine in picric chloride seems, then, to lie 
more especially in the direction of the reactions which replace this 
chlorine by hydroxyl or by an amido-group (substituted or not), for 
picramide and similar bodies are obtained from the chloride with 
about the same readiness as are the picrates. It appeared, therefore, 
of some interest to ascertain what course the reaction would pursue 
when picric chloride is exposed to the simultaneous action of an 
alkali and an amine. It was found on trial that when a solution 
of two equivalents of sodium hydrate in dilute alcohol is added to 
the hot alcoholic solution of one equivalent each of the hydrochloride 
of a primary or secondary amine and of picric chloride, the reaction 
proceeds very differently according to the character of the amine; 
that with amines of strongly basic properties an almost quantitative 
yield of the substituted trinitraniline is obtained, whilst methylaniline 
and diphenylamine give only sodium picrate; in the case of ammonia 
itself, the yield of picramide obtained was not good; and the some¬ 
what unexpected observation that the amido-group in sodium sulph- 
anilate reacts readily with picric chloride under the conditions 
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mentioned seems to show that it is not simply a question of the basic 
power of the amine, but that other influences help to determine the 
nature of the reaction. 

The extreme ease with which picric chloride reacts with amines 
has often been noticed, and in particular Willgerodt (7. pr. Chem. [2], 
40, 264), who has done much valuable work in this field, has noticed 
that the hydrochlorides of the hydrazines are readily acted on by picric 
chloride with formation of the corresponding trinitrophenyl deriva¬ 
tives ; but, under the conditions above mentioned, the reaction be¬ 
tween amines and the chloride occurs so easily, the products being 
obtained in almost quantitative yield, and in a state of nearly com¬ 
plete purity, that it promises to be of service in obtaining character¬ 
istic derivatives of newly prepared amido-compounds. The substituted 
picramides which have been obtained all crystallise very readily, and 
are purified by dissolution in alcohol or glacial acetic acid. In apply¬ 
ing the reaction, it is, of course, unnecessary to use the hydrochloride 
of the amine; the base may equally well be employed, but in that case 
only one equivalent of sodium hydroxide is added. 

The following are the individual results obtained on treating 
various amines with picric chloride and sodium hydroxide in alcoholic 
solution:— 

Ammonia. —2^ grams of picric chloride were dissolved in boiling 
alcohol, and solutions of 0*54 gram of ammonium chloride and of 
0*8 gram sodium hydroxide in dilute alcohol then added. On cool¬ 
ing, a crystalline mass of picramide separated out, which was filtered 
oft* and washed first with alcohol and then with water; its weight 
was 1*4 gram only (60 per cent, of theory), and the melting point of 
150—165° showed that the product was far from pure. 

Aniline *—In this case the same amount of picric chloride was used, 
and the corresponding quantity of aniline hydrochloride. It was 
noticed that a reaction occurred before adding the sodium hydroxide 
solution. The yield was 2*7 grams of a product melting at 177°, and 
by recrystallisation from glacial acetic acid this was raised to 177*5°, 
which is distinctly above the temperature, 175°, given by Clemm 
(7. pr* Ghem. [2], 1, 160) for this substance, trinitrodiphenylamine, 
or picroaniline, CeH ( .(N0 3 ) 3 *NH*C 6 H 6 . 

Septdecylamim, —1*35 grams of septdecylamine hydrochloride (Ber., 
21,2486) (from stearic acid) treated with the theoretical quantities of 
picric chloride and sodium hydrate in alcoholic solution gave an im¬ 
mediate precipitate of yellow, crystalline plates, which amounted to 
about 2 grams. The product was recrystallised from alcohol, in which 
it dissolves with difficulty, and was obtained in golden-yellow, 
lustrous plates of the constant melting point 86°. 

Picioseptdecylamine, CbH 2 (NO.i) is soluble in ether 
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readily in benzene, with difficulty in alcohol. When heated on plati¬ 
num foil, it melts, and then decomposes with slight violence, leaving 
a bulky,carbonaceous residue. 


0*2132 gram gave 21*45 c.c. moist nitrogen measured at 9° 0. and 
763 mm. 


Calculated for 

Found. C 6 H 2 (N0 2 )^NH-C 27 H r> . 
BT.. 12*15 12*02 


Picroseptdecylamine, like the similar derivatives of other primary 
amines, possesses feeble acid properties; it is insoluble in acids, but 
slightly soluble in cold potash with a pale yellow colour. 

a-NapMhylamine .—In this case the free base was used, and from 
1*4 grams of it with 2*5 gTams of picric chloride and 0*4 gram of sodium 
hydrate were obtained 2*55 grams of the expected product. This sepa¬ 
rated out at once as a red, crystalline solid, which, after being boiled 
with alcohol, in which it is almost insoluble, melted at 196°. By re¬ 
crystallisation from glacial acetic acid, the compound was obtained in 
deep-red, lustrous plates melting at 197°, which are slightly soluble 
in alkalis, insoluble in acids. 

0*2693 gram picro-a-napthylamine gave 38*05 c.c. moist nitrogen 
measured at 22° 0. and 756 mm. 

Calculated for 

Found. Og) s’NH* CiqH 7 . 

H. 15*93 15*82 


Piperidine .—Here too the base, not the hydrochloride, was em¬ 
ployed, and from 0*85 gram of it 2*5 grams of picropiperidine melt¬ 
ing at 105*5° were obtained. By further recrystallisation from alco¬ 
hol, the substance was obtained in orange-red pyramids, which wore 
grown together to form very long, deeply striated needles, and the 
melting point was raised to 106°. Picropiperidine is insoluble in 
both acids and alkalis in the cold, except on long standing, or on 
boiling, when partial decomposition seems to occur. 

0*2928 gram substance gave 49*1 c.c. moist nitrogen measured at 
19*5° 0. and 757 mm. 


Calculated for 

Found. C 6 H 2 (NO 2 ) 3 -NC 5 ff 10 . 
H. 19*15 18*92 


2Lethylanilme .—It was not fonnd possible by acting with picric 
chloride on methylaniline, whether alone or in presence of alkali, to 
obtain any crystalline product except, in the latter case, sodium 
picrate; in presence of sodium acetate, however, the two substances 
react partly in the desired direction, though here, too, the chief pro- 
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duct is the picrate. 5 grams o£ picric chloride were dissolved in boil¬ 
ing alcohol, and solutions of 2*15 grains of methylaniline and 3 grams 
of crystallised sodium acetate were added; the liquid at once acquired 
a strong odour of acetic acid, and, on cooling, sodium picrate separated 
out in the characteristic yellow needles, which were filtered off, and 
found to dissolve almost entirely in water, leaving a very small amount 
of resin. The alcoholic mother liquor, on standing, deposited a red, 
crystalline powder, whose quantity was increased by cautions addition 
of water; this was collected and recrystallised from alcohol, when 
about half a gram of deep-red, striated plates with a brilliant Instre 
was obtained. Pieromethylaniime, as a nitrogen determination indi¬ 
cated tbe substance to be, melts at 108°, and is insoluble in both acids 
and alkalis. 

0*1070 gram of the substance gave 26*4 c.c. moist nitrogen 
measured at 22*5° C. and 754*5 mm. 

Calculated for 

Found. C b H 2 (NO 2 ) 3 .N0HAH o . 

N. 17*73 17*61 


Dijphenylamine behaved in exactly the same way as mcthylaniline. 
By treatment with piciic chloride in presence of sodium acetate, a 
small yield of picrodiphenylamine was obtained. The substance crys¬ 
tallises from alcohol in soft, deep-red plates with a fatty Instre, which 
melt at 62°. 

0*2258 gram gave 28*3 c.c. moist nitrogen measured at 9*5° C. and 
765*5 mm. 


Calculated for 
Found. C b H 3 (N0 2 ) 

HT. 15*15 14*74 


Sulphanllic acid , or, rather, its sodium salt, reacts readily, but the 
yield obtained is not more than 60 per cent. The acid is dissolved in 
alcohol, to which a solution of two molecular proportions of sodium 
liydroxide in water has been added, and tbe theoretical quantity of 
piciic chloride dissolved in boiling alcohol is mixed with the hot solu¬ 
tion of sodium sulphanilate; yellow crystals almost immediately 
separate out, and their quantity gradually increases as the liquid 
cools; they are filtered off and recrystallised from water, in which 
they are very readily soluble, when orange-yellow, lustrous plates are 
obtained, which from the method of formation and the results of 
analysis appeaa* to be sodium parapicramidosulphonate, 

Cja 2 (hr0 3 ) 3 *NH*C b H,-S0aIsra + 2fH 2 0. 

Tbe salt is almost insoluble in absolute alcohol, but very readily 
soluble m water. Heated on platinum foil, the substance decomposes 
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without melting, and leaves a very bulky, carbonaceous residue. The 
acid has not yet been isolated, but it is intended to continue the 
examination of this compound as well as of the action of picric chlor¬ 
ide on other amidosulphonic acids. The water of ciystallLsation was 
driven off at 140°, and the amount found corresponds most nearly to 
the presence of 2^ mols. of water. 

3*3554 grams of the salt, dried between filter paper, lost 0*3308 gram 
when heated at 140° and finally at 155°. 

Calculated for 

Found. 2aH 3 0. 

H s O. 9*86 p. c. 9*98 p. c. 

The anhydrous salt absorbs moisture very rapidly from the air, and 
appears to he more soluble in water than the hydrated salt, for when 
stirred on a watch glass with a very small quantity of water, it dis¬ 
solves to a clear solution, which presently becomes almost solid from 
the separation of yellow, crystalline plates. 

The following results were obtained in the analysis of the dried 
substance:— 

* 0*2582 gram gave 0*0469 gram N^SOi. 


0*3197 „ 0*1751 „ BaSOi. 

Found. Calculated. 

N a. 5*89 5*67 

S. 7*57 7*88 


Amidophenoh —One of the first substances that was subjected to 
treatment with picric chloride was orthamidophenol, but it was soon 
found that in this case the reaction does not follow the normal course, 
or at least does not stop at the formation of pieiumidophenol. With 
the corresponding para-derivative, on the other hand, the action pro¬ 
ceeds regularly, and it will therefore be better to take the case of the 
para-isomeride first. 

ParamidophenoL —The reaction proceeds regularly, and a good 
yield is obtained whether the base or its hydrochloride is treated 
with the theoretical quantities of picric chloride and sodium hydr¬ 
oxide in hot alcoholic solution. On cooling, the liquid becomes thick 
from the separation of beautiful, bronze-coloured plates, which, on 
recrystallisation from alcohol, give dark, purple-brown needles con¬ 
taining one molecule of alcohol of crystallisation. This is given off 
very slowly over even in vacuo, but rapidly at 100°, and tbo 

crystals are thereby converted into a brick-red mass which, when re- 
crystallised from water or, better, from dilute alcohol, gives scarlet 
needles free from alcohol. If strong alcohol be taken as the solvent 
the original purple-brown needles are obtained. 
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I. 0*8034 gram o£ the crystals from alcohol dried over H 3 S0 4 lost 
0*0976 gram when heated at 100°. 

IL 0*6548 gram lost 0*0811 gram when similarly treated. 


CoHcO 


Pound. 



12*15 12*38 


Calculated for one 
molecule C 3 ff 6 0. 
12*57 


The analysis of the scarlet needles got by crystallisation from 
dilute alcohol gave results in agreement with the expected substance* 
parapicramidophenol, C 6 Hj(NTO oVNH’CsH^OH. 

I. 0*2138 gram gave 0*3503 gram C0 3 and 0*0517 gram H 3 0. 


II. 0*2446 „ 36*3 c.c. nitrogen at 11° and 764 mm. 

Pound. Calculated. 

C. 44*69 44*39 

H. 2*68 2*50 

NT. 17*78 17*51 


The molecular weight of the dried compound was determined by 
Raoult’s method, using naphthalene as solvent. 

0*5345 gram lowered the freezing point of 40 grams of CioH 8 from 
4*093° (arbitrary scale) to 3*798°; this gives, taking 70 as the 
value of the constant for Oi 0 H 8 , M = 316; the calculated number 
is 320. 

Parapicramidophenol melts at 174°; it is slightly soluble in water, 
readily in alcohol, from which it crystallises in the above-mentioned 
purple needles containing one molecule of alcohol. The basic charac¬ 
ter of the parent amidophenol is totally destroyed by the introduction 
of the strongly negative picryl group, and the picramidophenol 
possesses well-marked acid properties; it dissolves in alkalis with a 
very dark-red colour, but is not more soluble in dilute acids than in 
water itself. On boiling the alkaline solution, decomposition slowly 
takes place, while the colour becomes less bright, and a slight pre¬ 
cipitate is formed. 

Acetic anhydride acts readily on parapicramidophenol when boiled 
with it for a short time; the resulting liquid shaken with water 
gave a red solid soluble with difficulty in alcohol, but readily in acetic 
acid, from which it crystallises in dark-red, lustrous prisms melting at 
165°. The acetyl derivative is only very slightly soluble in alkalis* 
showing that it is the hydroxyl group which has been attacked. 

0*2089 gram gave 28*8 c.c. nitrogen at 15*5 n and 748 mm. 

Calculated for 

Pound. C 6 H 2 (N 03 ) 4 -NH. 0 6 H 4 - 0 C 0 CH Jf 
15*85 15*47 


N 
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The "benzoyl derivative was easily obtained by applying the method 
of Schotten-Baumann. 2 grams of parapicramidophenol were dis¬ 
solved in 500 c.c. of dilute soda, and an excess of benzoyl chloride 
added in successive small portions with vigorous shaking; the solid 
product was recrystallised from acetic acid, and was thus obtained in 
orange needles melting at 191° C. The compound is almost insoluble 
in alkalis. 

0*2421 gram gave 27*2 c.c. nitrogen at 17° and 763 mm. 

Calculated for 

Pound. CoH^NOJa NH-C 6 Hi-OCOC 6 H,. 

IN. 13*09 13*20 

The methyl derivative was prepared by boiling the picramidophenol 
in methyl alcohol solution with rather more than the theoretical quan¬ 
tity of sodium methylate and methyl iodide. The crystals which 
separated out were filtered off, washed with dilute soda until the 
filtrate was nearly colourless, then with water, and were finally recrys¬ 
tallised from a mixture of alcohol and acetic acid. Deep-red, silky 
needles were obtained, which melted at 165° C. 

0*2154 gram gave 31*G c.c. nitrogen at 11*5° and 751 mm. 

Calculated for 

Pound. CfeHsCNOsJa^H-CeH^-OCHi. 

NT. 17*24 16*77 

The compound is soluble with difficulty in alcohol, readily in glacial 
acetic acid. 

Orthopicramidoplienol cannot be obtained by acting on orthamido- 
phenol or its hydrochloride with picric chloride and alkali. The 
product then formed is described on a subsequent page. Neither 
could a satisfactory yield of pure substance be got by heating the 
base with picric chloride alone or in alcoholic solution, though in the 
latter case a small amount of a product was formed which appeared 
from its reactions to be the impure picramidophenol. Better results 
followed when ortliamidophenol was treated in boiling benzene solu¬ 
tion with picric chloride; two molecules of the amidophenol wore 
taken to one of the chloride, and the mixture heated with benzene 
on the water-bath for two hours. Amidophenol hydrochloride, to¬ 
gether with a red substance, separated out as a bulky precipitate, 
which was filtered off and washed with water to remove the hydro¬ 
chloride. The residue can be recrystallised from alcohol, best after 
addition of a few drops of dilute acid, and gives silky needles which 
are free from alcohol, and are somewhat more crimson in tint than 
the para-isomeride ; they melt at 175° and decompose at 177°, whereas 
the isomeride does not decompose below 250°, In analysing the sub- 
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stance, it was found necessary to mix it very thoroughly with pow¬ 
dered copper oxide, a precaution which is to be recommended for all 
picro*derivatives, as otherwise the carbon is found too high and the 
nitrogen too low, in consequence of the formation of nitrous fumes 
during the combustion. 

1. 0*1826 gram gave 0*2946 gram C0 3 and 0*0447 gram H s O. 


II. 0*2177 „ 33*23 c.c. nitrogen at 18° C. and 762 mm. 

Calculated for 

Found. C 6 H 2 (N0 3 VNH*C 6 H4-0H. 

C. 44*01 44*39 

H. 2*72 2*50 

H. 17*66 17-51 


The molecular weight was determined by Raoult’s method, with 
the following result:— 

0*4690 gram lowered the freezing point of 40 grams of naphthalene 
from 4*216° to 3*955°, that is, by 0*261° C. 

Found. Calculated. 

M. 315 320 

Orthopicramidophenol dissolves slightly in water, readily in alcohol. 
It is soluble in alkalis with a dark-red colour; but on allowing the 
alkaline solution to stand, or immediately on boiling it, a change 
takes place which results in the formation of the body obtained by 
treating orthamidophenol with picric chloride and sodium hydroxide 
in the manner used throughout this work. The change is rendered 
evident when the alkaline solution is an ammoniacal one by the forma¬ 
tion of a precipitate and the decolorisation of the solution. When the 
liquid contains soda or potash, the change on boiling is shown by 
the colour becoming a magnificent blue, which is best seen in very 
•dilute solution; this blue disappears as cooling takes place, and a 
dark-brown substance separates out in microscopic needles, which 
redissolve if the liquid be boiled again with production of the same 
blue colour. The transformation of orthopicramidophenol into this 
substance, which is insoluble in ammonia and in cold solutions of 
sodium or potassium hydroxide, but dissolves with a blue colour 
in the latter liquids when heated, takes place with great readiness; 
in one case, when the air of the laboratory contained a noticeable 
amount of ammonia, a small specimen of orthopicramidophenol was 
almost entirely transformed during a single recrystallisation from 
alcohol, and it is advisable to acidify slightly the liquid used for puri¬ 
fying the picramidophenol. 

It has been mentioned that the ortho-isomeride is much more easily 
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decomposed by beat than tbe parapicramidophenol, and this difference 
is also evident in the behaviour towards acetic anhydride, which at its 
boiling point acts regular!} on the para-isomeride with formation of an 
acetyl derivative, while the ortho-compound is completely decomposed 
with an abundant evolution of nitrous fumes. The orthoacetyl de¬ 
rivative was, however, obtained by the action of excess of acetic 
anhydride at the ordinary temperature for several days, finally heat¬ 
ing on the water-bath for a few hours. The product, after two 
recrystallisations from glacial acetic acid, forms brown-red, crystal¬ 
line plates which are almost insoluble in cold potash, but dissolve 
readily on heating the liquid with production of a red solution, whose 
colour soon changes to a dirty brown and finally becomes deep blue. 
The substance melts at 161°, and a nitrogen determination gave 
results agreeing with the formation of a monacetyl-derivative. 

0*2248 gram substance gave 80*96 c.c. nitrogen at 13° and 747 mm. 

Calculated for 

Found. C^CNO^s-NH-CA-OCOCHs. 

N. 15*98 15*47 

The benzoyl-derivative was prepared by the method of Scliotten- 
Baumann, and the yield obtained was very good when care was 
taken to work quickly in order to avoid transformation of the ortho- 
picramidophenol by the alkaline solution. The product was recrys- 
tallised from glacial acetic acid, and gave orange needles which melt 
at 191°. Towards alkalis, its behaviour is similar to that of the acetyl 
compound. 

0*2421 gram gave 27*20 c.c. nitrogen at 17° and 763 mm. 

Calculated for 

Found. C 6 H 2 (NOj03*NH-C 6 H 4 -OCOC 6 H 5 . 

N. 13*09 13*20 

The Action of Alkalis on 0rthopicraniidophenol .—This action has 
been already mentioned, but the substance formed in it is best 
obtained by the direct action of alkali on orthamidophenol and 
picric chloride in alcoholic solution. Equal molecular proportions of 
the amidophenol or its hydrochloride and of picric chloride are dis¬ 
solved separately in boiling alcohol; when the solutions have cooled 
slightly, they are mixed, and two (or three, if the hydrochloride has 
been used) molecular proportions of sodium hydroxide dissolved in 
dilute alcohol are gradually but rapidly added while stirring con¬ 
stantly. The liquid becomes almost pasty from the separation of 
brown needles, and a noticeable evolution of nitrogen occurs, which 
continues for a long time and indicates a bye-reaction. It is well, 
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therefore, to filter off the precipitate immediately, using a Witt 
filtering plate to ensure rapid filtration. The solid product is washed 
with alcohol and then with water. Its weight is rather less than that 
of the picric chloride taken, the yield being about 70 per cent, of that 
theoretically indicated by the explanation of the process which is 
given below. 

If the alcoholic filtrate from this product be evaporated on the 
water-bath, and the residee extracted with a small quantity of cold 
water, the solution obtained will be found to contain a large amount 
of sodium nitrite. On addition of an a-cid, a very distinct evolution 
of nitrous fumes occurs, and even when very largely diluted the 
liquid gives an intense blue when acetic acid is added after potas¬ 
sium iodide and starch paste. Sodium chloride is also present in the 
solution, and the water used for washing the precipitate was found 
to contain both chloride and nitrite. The observation that sodium 
nitrite was produced in the reaction at once threw light on the 
nature of the process, which is represented by the equation 


+ 2NaOH = 

NaN0 2 + 2 HjA 

According to this view, the compound formed is a dinitrophen- 
azoxine, and the results of the analyses which had already been made 
were found to agree with the composition of such a substance. The 
product can be purified by crystallisation from benzene or glacial 
acetic acid, from both of which it is obtained in splendid purple- 
brown needles which melt at 213°, 

I. 0*1992 gram gave 0*3819 gram CO> and 0*0501 gram H 2 0. 

II. 0*1569 „ 0*3050 „ 0*0419 „ 

III. 0*2054 „ 26*65 c.c. nitrogen at 9° 0. and 764 mm. 

IV. 0*1801 ,, 22*70 „ at 8° O. and 767 mm. 

Y. 0*2631 „ 32*30 „ at 9° C. and 770 mm. 

Calculated for 

“9. C6H 1 <^[>0 e H,(N0 1 ) 2 . 

— 52-75 

— 2-56 

14-98 15-37 

(In combustion V the substance was not mixed with powdered 
copper oxide.) 


Found. 

£ II. HI. IV. 

0.... 52-28 53-01 — — 

H... 2-79 2-97 — — 

N... — — 15-69 15-37 
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The molecular weight was determined hr Raoult’s method in 
naphthalene solution with results vhicli are rather below the theo¬ 
retical number. 

I. 0*2802 gram lowered the freezing point of 40 grams O 10 H b 
by 0*198° C. 

II. 0*2022 gram added to the first solution lowered the freezing 
point by further 0*140° C 

Found. 

'- A - ^ 

I. II Calculated. 

M. 24b 252 273 

This dinitrophenazoxine is insoluble in water and dilute acids. In 
potash or soda, but not in ammonia, it dissolves on heating, with a deep 
blue colour, but separates out unchanged when the liquid cools. 
Alcoholic ammonia dissolves it in the cold with the production of 
the same blue colour. In alcohol itself, the substance is practically 
insoluble, whilst benzene and glacial acetic acid dissolve it very 
iparingly in the cold, but more readily at their boiling points, and 
these solutions are deep red in colour. The feeble acid properties of 
the body are to be attributed to the presence of an imido-group 
associated with strongly negative groups of atoms, as shown in the 
formula given above; but the intensity of the red-brown colour of 
the compound is remarkable in face of the fact that Berntbsen (Ber., 
20, 943) has obtained a pale-yellow substance by the direct nitra¬ 
tion of phenazoxine. Further experiments will be made with a view 
to the confirmation of the constitution which is here attributed to the 
compound. 

Towards heat, the substance is very stable, melting at 213°, and 
subliming apparently without decomposition when carefully heated 
on platinum foil. If quickly heated, it decomposes with slight 
violence, and leaves a residue of carbon. The hydrogen of the imido- 
group is not readily replaced by acetyl. Acetic anhydride at its 
boiling point is without action, and when the two substances are 
heated to higher temperatures in sealed tubes, more or less of the 
compound appears to be carbonised and the rest to be unaltered. It can 
be reduced by treatment with tin and a mixture of acetic and hydro¬ 
chloric acids, and also appears to form a nitro&o-derivative when 
treated with nitrous acid. These reactions, with others, will be 
further investigated, and the results given in a subsequent paper. 

The behaviour of orthopicramidophenol towards alkalis is similar to 
that observed by Yictor Meyer (Ber., 22, 319) in the case of the 

compound o^q,) J’cOOOH/ ^ ^ affected * alkaKs 

according to the equation 
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OOOCHj 



COOK 


2KOH - 



+ KNO, CHjOn + 

11 , 0 . 


The parallelism "between the two reactions is very complete. Both 
can take place in very dilute solution, and in each case the change is 
made evident by a marked alteration of colour. There is also some 
analogy with the reaction, previously noticed by Lellmann and 
Schmidt (Bar., 20, 3154), which occurs when the nitronaphthylamine 



NH: 


is treated according to Skraup’s method for the prepa- 


N0 S 

ration of quinolines:— 



INICH-CHICH, gnes 


N0 2 



N + HNO,. 


Probably many other picro-derivatives will be found to suffer 
similar condensation to that described in the case of orthopicramido- 
phenol when treated with alkalis. By acting on a-amido-/3-naphtliol 
with picric chloride and sodium hydrate, a substance has been ob¬ 
tained very similar to that formed from orthamidophenol, and it is 
intended to Bubject to the same treatment various other compounds 
which may be expected to give condensation products. 


University College , Cardiff\ 


LXVTL— Besea/rches on the Terpenes. II. On Tmpentine. 

By J. E. Marsh and J. A. Gardner. 

We give in this paper an account of some experiments illustrating 
the nature and cause of a remarkable change which ordinary spirit of 
turpentine undergoes on keeping, whereby its rotatory power becomes 
considerably increased: we also give some observations on the 
striking decrease of rotatory power as the boiling point of turpentine 
rises: we have, further, some remarks to make as to the action of 
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hydrogen chloride on turpentine and the nature of the products 
formed: and we have finally to notice a striking instance of isomeric 
change, namely, that under the influence of heat the solid turpentine 
hydrochloride becomes converted into the isomeric hydrochloride of 
camphene. 


Increase of Rotatory Tower of Turpentine on "keeping . 

A specimen of australene,* -which had been distilled, gave a rotation 
of +19° 40',f and readily furnished, when treated with hydrogen 
chloride, crystals of the solid hydrochloride. After standing some 
months in a Winchester bottle, its rotation was found to have in¬ 
creased to +21° 10', and it now gave no crystals when hydrogen 
chloride was passed into it. After standing five months longer, the 
rotation was found to have remained constant at +21°. The turpen¬ 
tine was now distilled and the distillate collected in fractions of 
about equal quantity. The rotation values were taken the same day, 
and are given in the following table:— 


Fraction. B. p. Rotation. 

I . to 160° +28° 

II. 160 +28 

III . 160 +28 

IV . 160—165° +28 

V... 165—167 +25 

VI . 167—176 +21 


On further keeping the fractions, they did not show an increased, 
but, if anything, a slightly diminished, rotation after 3J months. 

Terebentene appears to show a similar increase of rotation, but we 
have studied it less completely, and the increase is much smaller. 

In order to determine the cause of the increase of rotation, we sub¬ 
jected several specimens of australene to varied conditions: some 
were kept in the dark, others exposed to light; of these again, some 
were exposed to the action of air, dry and moist, others sealed in 
glass tubes. It will be seen from the table below that only those 
subjected to the action of moist air, together with exposure to light* 
showed an increase of rotatory power. 


* We retain the original nomenclature of Bertlielot, viz., “ australene ” and 
u terebentene ” for English and French turpentine respectively. If we do not 
wish to discriminate between them, we use the name u turpentine ” simply. 

f The rotation values are given throughout this paper, except when otherwise 
stated, for a two-decimeter column of liquid and sodium light. 
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Ghange of Rotation of Australene. 


Turpentine. 

Boiling point. 

Initial rotation. 

Interval. 

Final rotation. 

tt . 

161—163° 

8° 46'at 11° O. 

75 days 

8° 30' at 18-6° C. 

11 

161—163 

8 46 „ 11 „ 


11 16 „ 19° C. 


155—157 

25 38 „ 11 „ 

» 

25 40 „ 19 „ 

11 

155—157 

25 38 „ 11 „ 

» 

26 40 „ 19 „ 


155—157 

25 38 „ 11 „ 

» 

25 30 „ 19 „ 

J . 

155—157 

25 38 „ 11 „ 

69 days 

25 30 „ 19-5° C. 


155—157 

25 38 „ 11 „ 

26 30 „ 19-5 „ 


159—161 

13 0 „ 11 „ 

60 „ 

18 0 „ 16° C. 

WSSm 

159—161 

13 0 „ 11 „ 

60 „ 

16 0 „ 13 „ 


Of the above specimens, a, g, and h were sealed in tubes and ex¬ 
posed to light; c was exposed to light in contact with dry air; e was 
exposed to moist air, and / to dry air, both in the dark; whilst those 
which show an increase of rotation, b, d, and i, were exposed to light 
in contact with moist air. 

WTe are thns able to convert a turpentine of low rotation into one 
of the highest possible (?), viz., +28°,* by mere exposure for some 
w eeks to moist air and subsequent rectification. 


Decrease of Rotatory Rower as the Boiling Point rises . 

The observation that the rotation of turpentine decreases as the 
boiling point rises is, we believe, not new; but we have no remembrance 
oi any definite values being given. The table of boiling points and 
lotation values for australene, on p. 726, clearly illustrates the fact. 
A similar table is given below for terebentene, the fractions also 
boiug collected in about equal quantity. The decrease is here niore 
regular. 


Fraction. Boiling point. Rotation. 

I. 156 —160*5° —67° 

II. 160*5—161° -66 

III . 161 —162 -65 

IV . 162 J -65 

V. 164-167° -64 

VI. 164—167 -61 

VII. 167—180 -57 


Still more strikingly is this decrease shown in the case of a speci¬ 
men of australene where the fractions were not taken in equal 
quantity, but at equal intervals of temperature. 

* This value is only approximate; later experiments have given 30° l(fat 18° 0.: 
Lundolt gives for pure australene 25° 45' at 21° C. 

\t,L. Ll \. S V 
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Fraction. Boiling point. Rotation. 

I. 155—157° +24° 5(5' 

II. 157—159 +19 36 

III . 159—161 +13 0 

IV . 161—163 + 8 46 

V. 163—165 l 

VI. 165—167 > + 2 10 

VII. 167-169 J 


An analysis made of the mixed fractions V, VI, and VII showed 
tliat they still had essentially the composition expressed by the 
formula CuH 16 . 

Found. Calculated for C 10 H 16 . 


Carbon. 87*1 88*2 

Hydrogen. 11*8 11*7 


Action of Hydrogen Chloride on Turpentine. 

Hydrogen chloride has, to all outward appearance, exactly the same 
action on anstralene as on terebentene, this action resulting in the pro¬ 
duction, in each case, of a crystalline solid aud a liquid hydrochloride. 
By a closer study of the reaction it is found that there is one essential 
difference between anstralene and terebentene, in this respect: that 
whereas hydrogen chloride decreases the original dextrorotation of 
anstralene, it increases the original lsevorotation of terebentene. The 
solid hydrochlorides are perfectly definite crystalline bodies, bnt 
differ in the numerical value as well as in the sign of their rotatory 
power, the specific rotation, [a]i>, of anstralene hydrochloride beim* 
only from +3° to +5°, while that of terebentene hydrochloride is ns 
high as —31°. The liquid hydrochloride has always been a puzzle; 
is it to be regarded as a single substance, a definite isomeride 
of the solid, or is it a mixture, and, if a mixture, what are 
the constituents ? We should have little to add to the discussion of 
this matter were it not that Professor Wallach has recently put 
iorward the view that the liquid hydrochloride is a mixture of the 
ciy stalline substance with dipentene dihydrochloride. This appeals 
to us to be quite untenable, and on two main grounds: (1) the 
amount of hydrogen chloride absorbed by turpentine is never greater 
than the quantity represented by equal molecules, whereas, if the 
compound C| 0 Hi 6 ,2HCl were formed, a larger quantity of hydrogen 
chloride would be required; (2) the rotatory power of terebentene 
hydrochloiide (liquid) is greater than that of the original terebentene, 
whilst that of the anstralene compound, though less than that of the 
original australene, is still considerable. These facts, as will be seen 
latex*, are inconsistent with Wallach’s supposition. 
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With regard to the first point, expenments have been made on both 
a large and a small scale, as to the amount of hydrogen chloride 
which is required to fully saturate a given quantity of turpentine. 
These point conclusively to an absorption in molecular proportion, 
C 10 H 16 + HC1. 

I. 300 grams of australene absorbed 80 grams of HC1; calculated 
for Cio 5 16 H- HC1 = 80 grams. 

II. 99 grams of terebentene absorbed 25 grams HC1; calculated, 
26 grams. 

III. 4*91 grams of terebentene absorbed 1*27 grams HOI; calcu¬ 
lated, 1*31 grams. 


There is thus no evidence here of the formation of a compound 
C 10 Hi« + 2HC1. 

With regard to the second point, namely, that of rotatory power, 
we are met with the difficulty of determining the influence of the 
solvent on the rotation of the active substance dissolved. But we 
must ascribe an almost miraculous influence to the solvent if we are 
to accept the view that the liquid hydrochloride of turpentine is a. 
mixture of the solid with dipentene dihydrochlondc. 

We find, for example, that the liquid hydrochloride from terebentene 
of rotation —66° has itself a rotation of —70° 30', while that fron 
australene of rotation +24° has a rotation of -fll°. Lot us assume 
for the moment that we have here a mixture of dipentene dihydio- 
chloride with terebentene and austialene hydrochloride respectivelj r : 
then the former, being inactive, may be regarded as the solvent, the 
latter as the dissolved active substance. From the formula [a] D = 


10* x 


taking [a] D for terebentene hydrochloride = —32°, and tor 


australene hydrochloride = +5°, we find that, to give the values 
obtained above, we must have in each case a solution containing at 
least 110 grams of active substance in 100 c.c. of solution, a manifest 
absurdity, since the specific gravity of the liquid is very near that of 
water. We aie tbns led, both on the ground of quantitative experi¬ 
ments and on the ground of optical activity, to reject Wallaces intet- 
pi etation of the constitution of the liquid product. 

We have endeavoured to determine the nature of the hydrocarbon 
or hydrocarbons produced by the removal of HCi from the liquid 
hydrochloride, and we have been able to recognise dipentene among 
the products obtained from austialene, though not fiom terebentene. 
We have recognised it by the formation, properties, and analysis of 
its tefcrabromide. Our experiments on this subject are not yet com¬ 
plete, but we noticed further, both in the case of the australene and 
of the teiebentene compound, a marked diminution of rotatory power 
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on the removal of HC1. The prodnetion of dipentene in tliis way 
from australene does not necessarily imply the pre-existence of 
dipentene dihydrochloride in the liquid. 

Causes which influence the Production of the Crystalline Hydrochloride 

of Australene. 

We have already noticed that the change which australene under¬ 
goes when kept, whereby its rotation is increased, is associated also 
with its incapacity to furnish at once, on passing hydrogen chloride, 
the crystalline australene hydrochloride. We believe the difficulty 
which is occasionally met with in producing this compound to he due 
to this cause, and not, as Wallach supposes, to the presence of 
moisture and to the heating of the liquid. We find, indeed, that the 
solid in question is readily obtained when the product is allowed to 
become warm, and even if water is added to it, provided the australene 
has been freshly distilled. It is, in fact, a disadvantage to cool the 
liquid by a freezing mixture, or vith ice, as it does not absorb the gas 
so readily; on removing it from the ice-water, the liquid becomes 
heated, and on again passing hydrogen chloride without cooling, the 
solid is readily obtained. 

Isomeric Change of Turpentine Hydrochloride into Camphene 
Hydrochloride . 

The solid crystalline hydrochloride of turpentine, when heated by 
itself in a sealed tube to 250°, undergoes an isomeric change, whereby, 
instead of the original substance, the isomeride camphene hydrochloride 
is obtained. The camphene was separated from the latter by heating 
with aniline, distilling in steam, and rectifying; it melted at o0°. 
We have not yet determined whether the change can he brought 
about at a lower temperature by the aid of carriers, such as aluminium 
or ferric chloride. Should this be so, we shall have a ready means of 
obtaining camphene in large quantity. 

University Laboratory, 

Oxford. 
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LXYIII .—On Diphenylisomccinic Acid and fi-Diphenylpropinnic Acid. 

By G. G. Henjdekson, D.Sc., M.A., F.I.C., Assistant to the Professor 
of Chemistry, University of Glasgow. 

When ethyl sodiomalonate is heated with a solution of bromodi- 
phenylmethare in benzene, sodium bromide separates and ethyl 
diphenylisosuccinate is formed, thus:— 

CH(C 6 H 6 ) 3 Br + CHtfa(COOC 2 H 5 )> = CH(C 6 H 5 ) 2 -CH-(COOC 2 H a ), 

+ NaBr. 


Preparation of Bromodiphenylmethane. 

Bromodiphenylmethane is easily obtained by the action of bromine 
on diphenylmethane (Friedel and Balsohn, Bull. Roc. Chim ,, 33, 339). 
Diphenylmethane (1 mol.) is heated to 120—130° in a long-necked 
flask by means of an oil-bath, and bromine (1 mol.) is added gradu¬ 
ally through a dropping funnel. When the evolution of hydrogen 
bromide has almost ceased, the yellowish-brown liquid is poured into 
a flat basin, which is left to stand under a bell-jar over soda-lime 
until fumes are no longer evolved. On cooling, the liquid solidifies to 
a crystalline mass of bromodiphenylmethane, which is freed from a 
small quantity of adherent oily matter by pressure between folds of 
bibulous paper, and is then sufficiently pure for most purposes. It is 
best obtained in a state of purity by crystallisation from dry light 
petroleum, in which it is readily soluble. It crystallises in groups of 
hard, colourless prisms, very easily soluble in benzene and carbon 
disnlphide, but decomposed by alcohol; m. p. 39° (uncorr.). The 
yield is almost quantitative. 

Preparation of Ethyl Diphenylisosuccinate^ CH(C 6 H 5 )a # CH(COOCaH^)». 

32 grams of ethyl malonate are dissolved in about ten times their 
volume of dry benzene in a flask attached to a reversed condenser, 
and 4'6 grams of sodium in fine wire are added; after heating for 
some time on the water-bath, the reaction is complete. 49'4 grams of 
bromodiphenylmethane are now added, and the heating is continued 
for some hours until the liquid has a neutral reaction. The sodium 
bromide which has been formed is removed by filtration, and the 
benzene is then distilled off, leaving in the flask an orange-colonred 
oil. This oil is dissolved in cold alcohol and the solution is left to 
evaporate spontaneously. As evaporation proceeds, the oil again 
separates out, but gradually changes into a mass of fine needles. 
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which, are drained with the filter pump and recrystallised from 
alcohol Ethyl diphenylLosvccinate is thus obtained in the form of 
clusters of small, shining prisms or needles which ai e readily soluble 
in alcohol, ether, and benzene, and which melt at 54° (uncorr). 
Analyses of the ester, dried in the exsiccator over sulphuric acid, 
gave the following results:— 

I. 0*1848 gram substance gave 0*4955 gram 00 a (= 0*1351 gram 
0) and 0*1126 gram H a O (= 0*125 gram H). 

II. 0*1947 gram substance gave 0*5230 gram 00 2 (= 0*1427 gram 
C) and 0*1188 gram H a O (= 0*0132 gram H). 


Found. 


( - A - N Calculated for 

I. H. 

C . 73*13 73*30 73*62 

H. 6*76 6*74 6*74 

O . — — 19*64 


100*00 


The yield of the ester is good. It may be noted that bromodiphenyl- 
methane has no action on ethyl sodiomalonate till the temperature is 
raised to 70—80°, and hence no reaction takes place when ether is 
used as the solvent. 


Preparation of JDiphenylisosuccinio Acid> CH(C b H 5 ) 2 *CH-(COOH)i. 

The hydrolysis of the ester is easily effected by heating it on the 
water-bath with an alcoholic solution of 1J times the calculated 
quantity of caustic potash. As soon as the alcohol approaches its 
boiling point, fine needles of the potassium salt separate out, and, it 
the solution is concentrated, it appears to solidify almost instan¬ 
taneously, being completely filled with a mass of small, interlacing 
crystals. Very little of the salt is left in solution, but on filtering off 
and heating the filtrate, a small additional quantity is obtained. 
After being washed with cold alcohol, the salt is dissolved in water, 
and on acidifying the solution with hydrochloric acid the free 
diphenyUsosuccmic acid is precipitated as a mass of very delicate 
needles. It crystallises from dilute spirit in small, shining, colourless 
prisms, which are very soluble in alcohol and fairly soluble in hot 
water, but almost insoluble in cold water; it melts with decomposi¬ 
tion at 173° (uncorr.). Analyses of the acid, dried at 110°, gave the 
following results:— 

I. 0*1946 gram substance gave 0*5047 gram CO a (= 0*1380 gi*am 
C) and 0*0932 gram H 2 0 (= 0*0103 gram H). 
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II. 0*2308 gram substance gave 0*6000 gram CO a (= 016-46 gram 
0) and 0*1100 gram H a O (= 0*0122 gram H). 


round. 

( -*-^ Calculated for 

I. II. C15H14O4. 

0 . 70*91 70*89 71*11 

H. 5*29 5*28 5*18 

O . — — 23*71 


100*00 


Salts of Diphenylisosuccinic Acid . 

The potassium salt, C 16 H I 3 K 3 04 , 2 H 3 0 , crystallises in delicate, silky 
needles, very soluble in water, but, as stated above, only very sparingly 
soluble in alcohol. When heated to 115°, it loses 2 mols. of water of 
crystallisation ; the anhydrous salt is very hygroscopic. An analysis 
gave the following results:— 

0*4693 gram salt gave 0*0450 gram H 3 0 and 0*2163 gram EZ 2 SO 4 
(= 0*0965 gram K). 

Calculated for 

Found. CjgHjflS^gO^H^Oa 


H 3 0. 9*60 9*42 

K. .... 20*56 20*42 


Most of the other salts are insoluble, or only sparingly soluble, in 
cold water, and can therefore be prepared by addition of solutions of 
metallic salts to a solution of the potassium salt. The following are 
the more characteristic:— 

The calcium salt precipitates slowly in the form of small, colourless 
crystals, very sparingly soluble in hot water, and the barium salt 
crystallises in stellate groups of delicate, white needles; it is sparingly 
soluble in hot water. The magnesium salt is fairly soluble in cold, 
and readily in hot, water; it crystallises in radiating clusters of small, 
colourless prisms. The cobalt salt crystallises in tnfts of very delicate 
needles of a light-pink colour; it is sparingly soluble in cold water, 
but easily soluble in hot water. The nickel salt, on the other hand, is 
almost insoluble in water, and precipitates slowly as a light-green 
powder. 

The lead salt is a white, insoluble powder, and the copper salt a 
light-blue, crystalline powder, almost insoluble in water. 

The silver salt, C 16 Hi2Ag 3 0 4 , is obtained as a white powder, in¬ 
soluble in water and unaltered by light. An analysis gave the 
i olio wing results:— 

0*1500 gram substance gave 0*2172 gram C0 2 (= 0*0592 gram C), 
0*0375 gram H 2 0 (= 0*0042 gram H), and 0*0666 gram Ag. 
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Calculated for] 

Found. C 16 Hi 2 Ag 2 04 . 


C. 39*49 39*67 

H. 2*77 2*48 

Ag. 44*40 44*62 

O. — 13*23 


10000 

With solutions of the potassium salt, feme salts give a bulky, 
yellowish-white precipitate, and chromium salts a voluminous, light- 
green precipitate, soluble on boiling to a dark-green solution. 

Preparation of fi-Diphenylpropiomc Acid , CH(C6H 5 ) 2 *CH a *COOH. 

As already stated, when diphenylisosuccinic acid is heated to its 
melting point it begins to decompose, and when the melted acid is 
heated to 175—180°, carbon dioxide is given off with brisk efferves¬ 
cence, and p-diphenylprop tonic acid is formed, thus:— 

CH(C 6 H 5 ) a -CH(COOH) a = CH(C 6 H fi ) 2 -CH a *COOH + C0 2 . 

The clear, brownish-coloured liquid solidifies on cooling to a crystal¬ 
line mass, which dissolves, with effervescence, in hot sodium carbonate 
solution. On diluting the solution with water, a small quantity of 
oily matter separates out, but is easily removed by shaking up with a 
little ether, and the clear solution is then acidified with hydrochloric 
acid. The precipitated /J-diphenylpropionic acid is washed with 
water and recrystallised from dilate spirit. It crystallises in delicate, 
colourless needles, easily solnble in alcohol, but very sparingly soluble 
in water, and melts at 151° (uncorr.). Analyses of the acid, dried at 
110°, gave the following results:— 

I. 0*1580 gram substance gave 0*4600 gram CO a (= 0*1255 gram 
C) and 0*0904 gram H a O (= 0*0100 gram H). 

II. 0*1736 gram substance gave 0*5054 gram 00 2 (= 0*1378 gram 
C) and 0*1012 gram H 2 0 (== 0*0112 gram H). 


Found. 

f -*-^ Calculated for 

I. II. C ls H w O a . 

C . 79*42 79*39 79*64 

H. 6*85 6*47 6*19 

O . — — 14*17 


100*00 

When heated with lime, the acid, as is to be expected, yields 
diphenylethane, CH(C b H 5 ),*CH 3 . 
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Salts of JDiphenylpropionic Acid. 

Sodium diphenylpropionate^ CisHisHaOa^HgO, is remarkable for its 
great solubility in water and in alcohol. It crystallises in small, 
colourless needles, which, when heated to 110°, lose 4 mols. of water 
of crystallisation. An analysis of the salt, dried in the air, gave the 
following results:— 

0*8706 gram substance gave 0*1990 gram H 2 0 and 0*1881 gram 
MaJSO* (= 0*0609 gram Na). 

Calculated for 

Pound. C^H^N d0 2 ,4H 2 0. 


H 8 0 . 22 85 22*50 

Na. 7*00 7*18 


The calcium, salt crystallises in white needles, readily soluble in 
hot, but sparingly in cold, water, whilst the barium salt is readily 
soluble in water. 

Silver diphenyIpropionate> Ci 6 Hi 3 Ag02, is a white powder, which is 
insoluble in water and does not darken on exposure to light. An 
analysis of the salt, dried at 110°, gave the following results:— 

0*3440 gram substance gave 0*6794 gram CO a (= 0*1853 gram 0), 
0*1248 gram H 2 0 (= 0*0138 gram H), and 0*1113 gram Ag. 

Calculated for 

Pound. C]gHijAgOj. 


0. 53*86 54*05 

H. 4*( 3 3 90 

Ag..’. 32*35 32*43 

O. — 9*62 


100*00 

The copper salt crystallises from hot water, in which it is sparingly 
soluble, in blue prisms. The lead salt is a white, insoluble powder. 
The cobalt salt separates from hot water, in which it dissolves spar¬ 
ingly, in thread-like, pink crystals. The nickel salt is a light-green 
powder, insoluble in water. The ferric salt comes down as a bulky 
yellowish precipitate, which is decomposed by boiling water. The 
manganous salt crystallises in short, whitish-pink prisms, fairly soluble 
in water. 

Ethyl diphenylpropionate , CH(CbHb)2'CH 2 *COOC 2 B'b, is prepared by 
suspending the silver salt in a small quantity of alcohol, adding the 
calculated quantity of ethyl iodide, and heating for some time on the 
water-bath. The precipitated silver iodide is removed by filiation, 
and the filtrate is mixed with about an equal volume of ether and lift 
to evaporate spontaneously. Ethyl diphenylpropionate crystallises 
vcl. lix. 3 # 
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oat in colourless needles, which are easily soluble in alcohol and in 
ether, and melts at 63° (uncorr.). 

An analysis of the ester, dried oyer sulphuric acid, gave the follow¬ 
ing results:— 

0*1864 gram substance gave 0*5551 gram CO s (= 0*1514 gram C) 
and 0*1211 gram H 2 0 (= 0 0132 gram H). 

Calculated for] 

Found. C 17 H 1 s O s . 


0 . 80*15 80*31 

H. 7*22 7*09 

O. — 12*60 


100*00 

Chemical Laboratory , 

University of Glasgow. 


LXDL—CONTRIBUTIONS PROM THE CHEMICAL LABORA¬ 
TORY OF EDINBURGH UNIVERSITY. 

No. III. Preparation and Properties of "Ethyl Hydrogen Fumarate and 
Ethyl Hydrogen Maleate, 

By John Shields, Ph.D., B.Sc. 

Ethyl Hydrogen Fumarate . 

This acid ethereal salt was first obtained by Laubenheimer (Anna7en f 
88, 294) from impure diethyl fumarate. When a mixture of fumaric 
acid and alcohol is heated in a sealed tube at 120° until all the 
acid has disappeared, and the alcoholic liquid then treated with water, 
diethyl fumarate is precipitated. It was noticed, however, that the 
impure liquid thus obtained, on standing, deposited a leafy mass of 
crystals, which had the composition of ethyl hydrogen fumarate. 
Laubenheimer also succeeded in obtaining a small quantity of this 
substance in another manner. If gaseous hydrogen chloride is led 
through an alcoholic solution of malic acid until it is completely 
saturated, and the mixture afterwards distilled, ethyl hydrogen 
fumarate is contained in the last portions of the distillate. In this 
way, Laubenheimer obtained only a very small quantity of ethyl 
hydrogen fumarate, a quantity totally inadequate for the correct 
determination of its properties. He therefore attempted to prepare 
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it by tbe partial hydrolysis of diethyl fumarate, thinking that by 
employing one-half of the quantity of potash necessary for tho com¬ 
plete hydrolysis of diethyl fumarate he would obtain the ethyl 
potassium salt, according to the equation— 


$H-COOC 2 H 6 

CB>COOC a H 5 




+ OsHs-OH. 


The experiment, however, proved unsuccessful. He found that an 
alcoholic solution of diethyl fumarate, on partial hydrolysis by a 
concentrated aqueous solution of potash, yielded only dipotas¬ 
sium fumarate, whilst the other half of the ethereal salt remained 
unattacked. On repeating this experiment and employing a dilute 
alcoholic, instead of a concentrated aqueous, solution of potash, I 
obtained large quantities of ethyl potassium fumarate, and from this, 
by the action of hydrochloric acid, the acid ethereal salt itself. Lauben- 
heimer noticed, on adding the caustic potash to the ethereal salt, that 
a white, crystalline precipitate was thrown down, which, on analysis, 
proved to be almost pure dipotassium fumarate, and that from the 
filtrate from this substance, water precipitated unchanged diethyl 
fumarate. From these facts alone he concluded that one-half of the 
ethereal salt underwent complete hydrolysis, whilst the other half 
remained intact, and does not seem to have actually estimated the 
amount of unchanged ethereal salt or the quantity of this substance 
represented by the dipotassium fumarate which he obtained. It is, 
therefore, not strange that he overlooked the presence of ethyl potas¬ 
sium fumarate in the filtrato, as this salt is excessively soluble in 
water and dissolves easily in alcohol. 

The following method for the preparation of ethyl hydrogen 
fumarate was found to give very good results. Malic acid was first 
converted into fumaric acid by heating it in open dishes at a tem¬ 
perature of 140—150°, according to the method recommended by 
Baeyer (Ber., 18, 676). The unaltered malic acid having been 
extracted with water, the residue, consisting substantially of fumaric 
acid, was ‘converted into tlie diethyl salt in the ordinary way, by dis¬ 
solving it in alcohol and saturating the solution with gaseous hydrogen 
chloride. After evaporating off the hydrochloric acid and the excess of 
alcohol, the diethyl fumarate was “ salted out,” washed with a dilute 
solution of ammonium carbonate, dried, and distilled. The pure 
ethereal salt obtained in this manner was then partially hydro¬ 
lysed by means of alcoholic potash. For this purpose, 17*6 grams of 
caustic potash were dissolved in about half a litre of absolute alcohol, 
and gradually added to a solution of 50 grams of diethyl fumarate in 
150 c.c. alcohol, the mixture being vigorously shaken all tbe time. A 
white precipitate, amounting to 7*3 grams and consisting of dipotas- 

3 f 2 
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sium fumarate, winch is insoluble in alcohol, separated out and was 
filtered off. The filtrate was evaporated and the residue heated on 
the steam-bath until all the alcohol was driven off; it was then dis¬ 
solved in a small quantity of water and 23 grams of unchanged diethyl 
fnmaiate extracted with ether. Hydrochloric acid was now added to 
the aqueous solution and the ethyl hydrogen fumarate extracted with 
ether, from which, on evaporation, it crystallised in fine, large, four¬ 
sided plates. The weight of the acid salt obtained was 16*6 grams. 
If, now, we calculate the quantity of diethyl fumarate which has been 
converted into dipotassium and ethyl potassium fumarate respectively, 
we obtain the following numbers:— 


Quantity of diethyl fumarate converted into dipotas¬ 
sium fumarate.. 6*5 grams 

Quantity of diethyl fumarate converted into ethyl 

potassium fumarate ... 19 8 „ 

Quantity of diethyl fumarate unchanged . 23 0 „ 

49 3 „ 


Of the 50 grams of diethyl fumarate employed, 49*3 grams, or 
practically all, are satisfactorily accounted for. 

Ethyl hydrogen fumarate is only sparingly soluble in cold, but easily 
in hot water, and the solution, on cooling, deposits it again in the 
form of rectangular plates which melt at 70°. It is easily soluble 
in alcohol and ether. The acid salt, recrystallised from hot water, 
was analysed, and gave the following results:— 

I. 0*1829 gram substance gave 0*0926 gram H a O and 0*3339 gram 


OO,. 

11.01825 „ 0*0921 „ 0 3335 

CO*. 

Found. 

t -*-> 

I. II. Calculated. 

C.. 49*80 49*84 p. c, 50*00 p. c. 

H.. 5*65 5*61 „ 5*56 „ 


Ethyl potassium fumarate is obtained in the form of glistening 
scales on neutralising ethyl hydrogen fumarate with potassium 
carbonate, evaporating to dryness, and crystallising from hot absolute 
alcohol. It is soluble in about its own weight of water at the 
ordinary temperature; the sodium and ammonium salts are also very 
soluble in water. These salts are much less, though still easily, 
soluble in alcohol, and can be precipitated from their alcoholic solu¬ 
tions by the addition of ether, in which they are quite insoluble. The 
ethyl potassium salt gave the following result on analysis;— 
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0*2701 gram substance gave 0*1281 gram K 3 S0 4 . 

Found. Calculated. 

K ...... 21*26 p. c. 21*43 p. c. 

A strong aqueous solution of ethyl sodium fumarate gave no pre¬ 
cipitate "when mixed with the following reagents: calcium chloride, 
barium chloride, copper acetate, or lead acetate. Silver nitrate, on the 
other hand, gave a white precipitate of ethyl silver fumarate, solu¬ 
ble in ammonia and in nitric acid, bat only sparingly so in cold 
water; it dissolves easily, however, in hot water, and the solution on 
cooling deposits the salt again in well-developed crystals. These 
were dried at 100° and analysed. 

0*0930 gram substance gave 0*0400 gram Ag. 

Found. Calculated. 

Ag. 43*01 p. c. 43*02 p. c. 

As ethyl hydrogen fumarate is an unsaturated compound, we should 
naturally expect it to combine directly with bromine, and give us 
ethyl hydrogen dibromosuccinate. In order to put this supposition to 
the test, some of the acid ethereal salt was dissolved in dry chloroform, 
and a few drops of a solution of bromine in the same solvent added; 
as the intensity of the colour due to the bromine scarcely diminished 
on standing a considerable time, the method employed by Kekule 
(Annalen, Suppl. 1,131) for the preparation of dibromosuccinic acid was 
adopted. 3 grams of ethyl hj drogen fumarate, together with a little 
water and 3*4 grams of bromine, were sealed up in a tube and heated 
at a temperature of 100° for an hour. On cooling, the brown colour 
of the bromine had entirely disappeared, and the liquid in the 
tube consisted of two layers, the lower of which was oily in appear¬ 
ance. This was separated from the upper layer and washed succes¬ 
sively with several small portions of water, and then dissolved in 
ether and dried with chloride of calcium. On evaporating the 
ether, a colourless oil remained, which crystallised after standing a 
little. This substance was easily soluble in alcohol, ether, and hot 
light petroleum; from the last solvent, it was obtained in well- 
developed crystals which fused at 68°. On analysis, these crystals, 
presumably ethyl hydrogen dibromosuccinate, gave the following 
numbers, which agree very well with those theoretically required by 
the formula of this compound:— 

0*1059 gram substance gave 0*1308 gram AgBr. 

Found. Calculated. 

52*56 p. c. 52*63 p. c. 


Br 






740 SHIELDS: PREPARATION AND PROPERTIES OP ETHYL 


0*0338 gram substance required for neutralisation 1*17 c.c. of a 
1/9*5 normal baryta solution. 

Pound. Calculated. 

Replaceable hydrogen. 0*36 p. c. 0*32 p. c. 

Ethyl hydrogen dibromosuccinate is therefore a monobasic acid, as 
we should expect. 

When ethyl Hydrogen dibromosuccinate was dissolved in absolute 
alcohol and the solution saturated with gaseous hydrogen chloride, 
diethyl dibromosuccinate was formed; it was precipitated from the 
alcoholic solution on the addition of water, and sometimes solidified 
during the process of washing. When dissolved in ether and dried 
with calcium chloride, the ethereal solution, on evaporation, deposited 
diethyl dibromosuccinate in crystals which melted at 66°. These 
crystals were analysed without further purification. 

0*1222 gram substance gave 0*1397 gram AgBr. 

Pound. Calculated. 

Br. 48*66 p. c. 48*19 p. c. 

The difference between tbe amount of bromine found and that cal¬ 
culated is probably due to the presence of a small quantity of ethyl 
hydrogen dibromosuccinate which had not been converted into the 
diethyl salt by the action of alcohol and hydrogen chloride. 


Ethyl Hydrogen Maleate . 

For the sake of comparison, the corresponding derivatives of maleic 
acid were prepared. Potassium ethyl malonate can be obtained, in a 
manner similar to that by which its isomeride, potassium ethyl fumar- 
ate, is prepared, by tbe partial hydrolysis of diethyl maleate. 

It is preferable, however, to make tbe ethyl hydrogen salt directly, 
by the action of alcohol on maleic anhydride, thus:— 


CH-00 

fcjH-CO 


>0 + OjHj'OH = 


flH-COOCsH, 

OH'COOH 


and then to neutralise with potassium carbonate. The maleic 
anhydride which I employed in this experiment was prepared by dis¬ 
tilling malic acid with acetyl chloride, according to the method 
recommended by Perkin (Per., 14, 2547) and by Anschutz (,Ber ., 14, 
2791). The anhydride melting at 53° was mixed with an excess of 
absolute alcohol and heated for a short time on the steam-bath; dry 
potassium carbonate was then added to the liquid until it was com¬ 
pletely neutralised. On cooling, the liquid solidified to a mass of 
leafy crystals of potassium ethyl maleate. In order to separate this 
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substance from the excess of potassium carbonate, and from a little 
dipotassium maleate which is formed at the same time, it was placed 
in an extracting apparatus and extracted with hot absolute alcohol. 
After evaporating off the alcohol on the steam-bath, the potassium 
ethyl maleate was still found to be contaminated with diethyl maleate. 
This impurity was removed by taking advantage of the fact that the 
potassium ethyl salt is insoluble in ether, whilst the diethyl salt is 
very easily soluble. The residue, after extracting with ether, con¬ 
sisted of pure potassium ethyl maleate, and was crystallised from hot 
alcohol. This salt presented the appearance of glistening scales, 
which exactly resembled those of potassium ethyl fumarate. Like 
the latter, too, it is very soluble in water, and the sodium and ammo¬ 
nium salts share the same property. On analysis it gave the following 
result:— 

01786 gram substance gave 0*0856 gram K 3 S0 4 . 

Found. Calculated. 

K .. 21*49 p. c. 21*43 p. c. 

A solution of ammonium ethyl maleate, prepared by neutralising 
the acid with ammonia, gave a white precipitate of silver ethyl 
maleate on the addition of silver nitrate. The precipitate was soluble 
in ammonia and in nitric acid, soluble also in hot water, from which 
it crystallised out on cooling. Calcium chloride, barium chloride, and 
copper acetate gave no precipitate. 

Ethyl hydrogen maleate was obtained from the pure potassium salt 
by decomposing it with dilute hydrochloric acid and extracting with 
ether. On the addition of the hydrochloric acid, the ethyl hydrogen 
maleate did not separate out in the form of an oil or precipitate, as 
was the case when potassium ethyl fumarate was decomposed in the 
same manner. This is owing to the great ease with which the acid 
is dissolved by water. In this respect, ethyl hydrogen maleate is 
comparable with maleic acid itself, which is quite easily soluble in 
water, whereas fumaric acid and its corresponding derivative are 
sparingly soluble. The ethereal solution of the acid ethereal salt was 
agitated with water, in order to remove traces of potassium chloride, 
and then dried with calcium chloride and evaporated. A colourless 
liquid was thus obtained, which would not solidity on standing in a 
vacuum desiccator or in a freezing mixture of ice and salt. 

0*2143 gram substance gave 0*3900 gram CO* and 0*1069 gram 


H*0. 

Found. Calculated. 

O.. 49*63 p. c. 50*00 p. c. 

H. 5*54 „ 5*56 „ 
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The difference between ethyl hydrogen fumarate and ethyl 
hydrogen maleate is strikingly shown in the dissociation constants, 
which Dr. James Walker had the kindness to determine for me. 


They are— 

K. 

Ethyl hydrogen fumarate.. 0*0475 

Ethyl hydrogen maleate . 0*110 


Another important difference between ethyl hydrogen fumarate and 
ethvl hydrogen maleate was observed in their behaviour towards 
bromine. When ethyl hydrogen maleate was treated in the same 
way as the isomeric fumarate, most of the bromine disappeared at 
once, and the liquid became quite hot. After being exposed to the 
rays of the sun for a short time, the colour of the liquid was light- 
yellow ; every trace of this colour, however, disappeared on warming 
the mixture in a tightly-corked tube on the water-bath. The lower 
oily layer was treated with hot light petroleum when a small quantity 
of it dissolved and crystallised out on cooling; the fusing point of 
these crystals was 67°, and their other properties agreed exactly with 
those of the ethyl hydrogen dibromosuccinate (m. p. 08°) which tvas 
obtained from ethyl hydrogen fumarate. On analysis:— 

0*1120 gram substance gave 0*1382 gram AgBr. 

Found. Calculated. 

Br. 52*50 p. c. 52*63 p. c. 

When the bromine was added very slowly to the solution of ethyl 
hydrogen maleate in water, and the action allowed to go on in the 
cold, only a trace of the ethyl hydrogen dibromosuccinate melting at 
67° was obtained. The syrupy residue, insoluble iu light petroleum, 
was yellowish and very unstable, the slightest rise in temperature 
being accompanied by an evolution of hydrogen bromide. It is easily 
soluble in alcohol and ether. It could not be obtained in the solid 
form by cooling in a freezing mixture. 

The action of bromine on ethyl hydrogen maleate is quite analogous 
to its action on maleic acid. Petri (Annalen, 195, 59) found that 
bromine not only combines quickly with maleic acid, even in the 
cold, forming isodibromosuccinio acid, but that a part of the maleic 
acid is at the same time converted into fumaric acid. With ethyl 
hydrogen maleate, a precisely similar reaction takes place; one por¬ 
tion of it is converted into ethyl hydrogen fumarate, which combines 
with the bromine, forming the crystals of ethyl hydrogen dibrpmo- 
succinate, which were found to melt at 67°, whilst the other, and 
by far the larger, portion combines directly with the bromine to 
form the syrupy, unstable liquid, which is, in all probability, ethyl 






AMMONIA. AND ETHEREAL SALTS OF ORGANIC ACIDS. 743 


hydrogen isodibromosuccinate. We must, however, be particularly 
careful not to jump at conclusions, for it would seem, from the ex¬ 
periments of Olaus (Ber., 15,1844), that a third modification of ethyl 
hydrogen dibromosuccinate exists, which melts at 275°. Whether 
this substance is, or is not, what Claus believed it to be remains yet 
to be proved, but it should be kept in mind that a considerable 
amount of uncertainty must exist as to the constitution of a sub¬ 
stance obtained, as this one was, as a bye-product in the preparation 
of diethyl dibromosuccinate. 


LXX.—CONTRIBUTION’S PROM THE LABORATORY OP 
GONVILLE AND CAIUS COLLEGE, CAMBRIDGE. 

No. XX. Action, of Ammonia on Ethereal Salts of Organic Acids . 

By S. Ruhemann, PhD., M.A., University Lecturer in Organic 
Chemistry, and R. S. Morrell, B.A., late Scholar of Caius 
College. 

Some time ago, one of us published the results of an investigation 
(Trans., 1887, 51, 403, Per., 20, 799, 3366) on the action of am¬ 
monia on ethyl acetyloitrate and on ethj 1 aconitate, which showed that 
in this way both the ethereal salts were transformed into a pyridine 
derivative, the amide of citrazinic acid. This led to the conclusion 
that the constitution of this compound may be represented by the 
structural formula 

nn^rr.n/CH:C(OH) w 

COTHi0 <CH!0(OHF F> 

and therefore that the formula of pyridine should be expressed by the 
symbol suggested by Riedel. The view expressed by Loven (Ber., 
22, 3053) that the formation of citrazinamide from ethyl acetyl- 
citrate and from ethyl aconitate may be explained just as well if 
citrazinamide is represented by the formula 

H t N*CO<Q^QQ>NH or H a N*CO < q^.'q (OH)*^ 

was found to be incorrect (Ber., 23, 831). 

The readiness with which ethyl aconitate is transformed into a 
derivative of pyridine induced us to investigate the action of am¬ 
monia on ethereal salts of acids which have a constitution analogous 
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to that of aconiiic acid; and for this purpose we chose glutaconic 
acid and dicarboxyglutaconic acid, which Conrad and Guthzeit ob¬ 
tained in the coarse of their interesting researches on syntheses by 
means of ethyl malonate ( Armalen , 222, 249). 

Sodinm ethylmalonate when acted on by chloroform yields the 
ethyl salt of sodium dicarboxyglntaconic acid, according to the equa¬ 
tion 

CHOI* + 2CNa s <coO0iH 6 5 = 3NaC1 + CH ^C^(COCK) 5 s H; 5 ) 2 . 

This sodium compound, when warmed with dilute hydrochloric 
acid, gives the ethyl salt of dicarboxyglntaconic acid, 

ph ^C(COOC,H 6 )3 

u ^CH(COOC 2 H 6 )2’ 

and this, by the further action of hydrochloric acid, or by heating 
with sodium hydroxide solution, decomposes with elimination of 

CH-COOH 

carbonic anhydride, yielding glntaconic acid, ®^ < ^OH a , OOOH’ 

This glntaconic acid is closely related to aconitic acid, for aconitic 
acid may be regarded as carboxyglutaconic acid, so it was to be 
hoped that ethyl glutaconate would, under the influence of aqueous am¬ 
monia, condense in a similar manner and yield aa'-dihydroxypyridine, 


Jflthyl Glutaconate .—Glntaconic acid was prepared according to 
Conrad and Guthzeit’s directions by heating the ethyl salt of dicarb¬ 
oxyglntaconic acid with hydrochloric acid, and extracting the solu¬ 
tion with ether. The ethereal salt cannot be obtained by passing 
hydrogen chloride through an alcoholic solution of the acid, as the 
etherification is accompanied by an addition of hydrogen chloride. 
On distillation, hydrogen chloride is given off, but the distillate 
always contains chlorine even after repeated fractionation. 

The pure ethereal salt, however, is easily obtained on heating 
the solution of the acid in absolute alcohol with sulphuric acid on 
the water-bath; the oil which separates on adding the product to 
water, after bhaking with dilute sodium carbonate solution and drying 
over calcium chloride, boils at 236—238°. The ethereal salt gave on 

analysis numbers agreeing with the formula • 

Calculated for 

CgH u O,|. Found. 


0 . 58*06 58*02 

H. 7*53 7-64 


o H / oh:o(ohk ^ 

X>h:o(OH)' 
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Action of Ammonia on Ethyl Qlutaconate . 

Ethyl glutaconate, when allowed to stand with aqueous am¬ 
monia in a stoppered bottle, dissolves after several days, and the 
green solution remains clear even after several weeks. Hydrochloric 
acid gives no precipitate, but the acid solution on exposure to the 
air deposits after some time a green precipitate, which is soluble in 
ammonia, and can be thrown down from this solution unchanged 
on the addition of a mineral acid. The substance thus formed 
is very soluble in water, but could not be obtained in a state fit 
for further investigation. It is probable that by the action of am¬ 
monia on ethyl glutaconate dihydroxypyridine is first formed, which, 
however, in solution is readily oxidised by the oxygen of the air. 


Action of Ammonia on the Ethereal Salt of Dicarboxygluiaconic Add* 


As the expected pyridine derivative from glutaconic acid could not 
be isolated, we diiected our attention to the study of the action of 
ammonia on the ethyl salt of dicarboxyglutaconic acid, in hopes that 
the reaction would take place according to the equation 


= 00, STO: 


CONH, 

OH 

+ 4CjH e O, 


and yield the diamide of dihydroxydinicotinie acid. To this view we 
'were, moreover, led by the recent researches of Gutlizeit and Dressel 
(Annalen, 262, 89) on the ethyl salt of dicarboxyglutaconic acid. 

These chemists showed that this ethereal salt splits up according 
to the equation 

H 

ch(cooc 3 h 5 ) s n rr nTr , coocyavg—o—p-ooocya* 

C(OOOC»H.)* =C s H s -OH+ 0 |j—0—C-OCjHs ’ 


and that the latter product is readily transformed info a pyridine 
derivative. 

Ammonia acts on the ethereal salt according to the above equation, 
but the formation of the pyridine derivative seems to be dependent 
on the concentration of the ammonia. Under the conditions of our 
experiments only a very small quantity of the etheral salt condenses 
with ammonia to the amide of dihydroxydinicotinie acid, the greatir 
portion spliting up under the influence of this reagent according to the 
equation 
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rR ^C(COOO a H a ) 2 ojrrr _ CH .OONH, 
CH <CH(COOC 2 H 5 ) a + 3KH * ~ 0il9 <CONH, + C(COOC a H 5 )j 


+ 2c j h 3 -ob: 


into malonamide and the ethyl salt of amidoefhylenedicarboxylic 
acid. 

On pouring strong aqueous ammonia on to the ethyl salt of dicarb- 
oxyglutaconic acid, a yellow, gelatinous precipitate is at once formed, 
which is, no doubt, the ammonium compound of the ethereal salt. 
This disappears in the course of a few days, and the yellow solution 
remains clear for some time. After the lapse of about a fortnight, 
colourless crystals separate, which gradually increase in quantity. 
Tlvse crystals are a mixture of malonamide and the ethereal salt of 
amidoethylenedicarboxylic acid, whilst the ammoniacal solution con¬ 
tains, besides these two compounds, a small quantity of the amide of 
dihydroxydinicotinic acid. The separation of the three compounds 
f 01 med in this reaction did not present any difficulty, for malon¬ 
amide, although readily soluble in water, is insoluble in absolute 
alcohol, whilst the ethereal salt of the amido-acid is very easily taken 
up by alcohol, and the pyridine compound dissolves in ammonia, and 
is precipitated from the ammoniacal solution by hydrochloric acid. 

The crystals which had been formed in the action of ammonia 
on ethyl dicarboxyglutaconate were warmed with absolute alcohol, 
whereby the ethyl salt of the amido-acid was dissolved, and the 
malonamide left behind. On distilling off the alcohol, the ethyl 
amidoethylenedicarboxylate remained as an oil, which solidified on 
cooling. The ammoniacal filtrate from the crystals darkened on con¬ 
centration, and deposited slightly coloured needles, which were found 
to be the diamide of dihydroxydinicotinic acid. The filtrate contained 
malonamide, mixed with the ethereal salt of the amidodicarboxylic 
acid, and their separation was effected as mentioned above. Instead of 
proceeding in this manner, it was found to be more convenient to 
remove the ammonia as far as possible by passing a current of air 
through the solution, whereby some of the amido-etber was precipi¬ 
tated ; the filtrate was then shaken with ether, which takes np the rest 
of the ethereal salt of the amido-acid, and the aqueous solution on 
concentration deposits first the pyridine derivative and then malon¬ 
amide. 

The condensation product formed in this reaction crystallised from 
water in colourless needles, which gradually became pink, and de¬ 
composed without melting at a temperature above 300°. Its com¬ 
position was fixed by a nitrogen determination, which gave the 
following numbers:— 
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Calculated for 

C 7 H 7 N 3 0 4 . Found. 

NT. 21*32 21*55 

The formation of this compound from the ethereal salt of dicaib- 
oxyglutaconic acid may be explained in a similar manner to th.»t of 
citrazinamide from ethyl aconitate, and its constitution may accoi d- 
ingly be represented by the following formula:— 

H 

C0NH 3 -C—C-C-CONH*. 

OH-C—NT—C-OH 

The diamide of dihydroxydinicotinic acid, like citrazinamide, pos¬ 
sesses strongly acid properties; it is soluble in ammonia and other 
alkalis, and is precipitated from these solutions by hydrochloric acid. 
We were prevented from further investigating this compound on 
account of the small quantity of substance formed in this reat tion, 
for, as stated before, strong aqueous ammonia transforms almost the 
whole of the ethyl salt of dicarboxyerlutaconic acid into malonamide 
and the ethereal salt of amidoethylenedicarboxylic acid. 


Ethyl Amidoethylenedicarboxylaie . 

This substance, isolated in the manner described above, is readily 
soluble in water, especially on boiling, and on cooling an oil separate**, 
which solidifies after a short time. In a vacuum, over sulphuric acid, 
it crystallises fiom the aqueous solution in colourless prisms which 
melt at 66°, and are very soluble in alcohol and ether. On analysis, 
the following numbers were obtained, which correspond with the 
formula NH 3 -CH:C(COOC*H 8 ), 


C 

H 

IN 


Theory for 
C3H13NO4. 

51-33 

6*95 

7*48 


Found. 

f! il i3E iv. v! 

51-75 51-43 — — — 

6 89 6-80 — — — 

_ _ 7 -50 7-55 7-58 


The amido-ether on boiling with an alkali evolves ammonia, reduces 
mercurous nitrate, and gives a red coloration with ferric chloride; 
platinic chloride in a concentrated aqueous solution of the compound 
produces a yellow, crystalline precipitate, which, however, is nothing 
but ammonmm platinochloride. 

The third of the substances formed by the action of jammonia on 
the ethyl salt of dicaiboxyglutaccnic acid is malonrmide. 1 hit- was 
proved by its melting point,*which was found to be 171° [Ficund 
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(7to\, 17, 133) found 170°], hy comparison with a specimen prepared 
irom ethyl malonatc, and by the following analysis:— 


Theory for 

WA. 


0. 35 30 

H. 5-88 

3ST. 27-45 


Found. 

£ n. in'. 

35 80 — _ 

6-10 — — 

— 27-21 27-27 


The transformation which the derivative of glutaconic acid under¬ 
goes under the influence of ammonia takes place for the most part 
according to the equation 


Oir^CfCOOCJEI*)* x 3NH OEC(INTHia) ^.CONK 3 

CH <CH(COOC 2 H 5 ) 2 + - C(OOOO a H 5 ) 2 + CHj< conh s 

nn rr t-t 


The ethereal salt of amidoethylenedicarboxylic acid seems in this re¬ 
action not to be converted into the amide. 


Action of Ammonia on Ethyl Bmzyldicarloxyglutaconate „ 

The formation of the ethyl salt of amidoethylenedicarboxylic acid 
induced us to investigate the behaviour of ammonia towards the 
ethereal salt of a derivative of dicarboxyglutaconic acid in order to 
determine if this reagent effects an analogous decomposition in tTna 
case also. W e chose the benzyl derivative, which, according to 
Conrad and Guthzeit (loc. at), is readily obtained by Seating the 
sodium ethyldicarboxyglutaconate with benzyl chloride. The ethyl 
salt of benzy ldicarboxy gl ataconic acid, 

(COOC 8 H 8 ) 2 C:CH-C(COOC 2 H fi ) 2 -CH a -C fl H 6 , 

on the addition of strong, aqueous ammonia, first enters into solution, 
and subsequently an oil separates out, which disappears again after 
some hours, giving place to Crystals which are soluble in hot water, 
and form colourless needles melting at 225°, 

This compound was found to be identical with the benzylmalon- 
amide obtained by Bischoff and Siebert ( Annalen , 239, 96) from the 
ethyl salt of benzylmalonic acid and ammonia. It was identified 
by its properties and the following analysis, the formula for 
C 6 H 6 -CHa*CH(CO!N'H 2)2 requiring 





Found. 



Theory for 

£~ 




Cjo&jcjNgOg. 

II. 

~n$. 

C •«• i 

> • ■ • 62*5 

62-45 

62-54 


H • • • * 

... 6-25 

6-27 

6-26 

- , 

18*.... 

.... 14-58 

— 

.— 

14-61 
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The ammoniacal filtrate from the crystals which had separated out 
in the reaction, was freed as far possible from ammonia by a current 
of air, and then shaken with ether. On distilling off the ether, an oil 
was left which solidified on cooling, and crystallised from hot water in 
prisms melting at 66°. This compound is the ethyl salt of amido- 
ethylenedicarboxylic acid, as was further shown by the following 
nitrogen determination:— 


Calculated for 
C s Hi 3 N0 4 . Found. 

IT. 7*48 7-59 

Ammonia, therefore, with the benzyl derivative, also effects a 
decomposition, yielding benzylmalonamide and the ethyl salt of 
amidoetbylenedicarboxylic acid. 

Action of Baryta on the Ethereal Salt of AmidoeihylenedicarboxyUc 

Acid, 

The ethereal salt, when boiled with baryta, evolved ammonia, and 
yielded, besides a small quantity of barium carbonate, the barium salt 
of hydroxyethylenedicarboxylic acid. On heating an aqueous solution 
of the ethyl salt of the amido-acid with baryta in the proportions of 
1 mol. of the first to 2 mols. of the latter, the clear solution became 
turbid, and a white precipitate was thrown down. This was collected 
as soon as ammonia ceased to be evolved, and then extracted with 
boiling water, whereby a smalL quantity of barium carbonate remained 
undissolved. Both filtrates, which were neutral to litmus paper, on 
concentration deposited the barium salt of the organic acid as awhile, 
fibrous mass of needles. This salt, though soluble in water with 
difficulty, does not easily separate out again from the solution. 
Instead of evaporating the aqueous solution, the barium salt may be 
precipitated from it by the addition of alcohol; dried at 100° it has 

the composition CH(OH)lC<QQQ>Ba, as indicated by the following 

barium determination:— 

Calculated for 
C 4 H 2 0 5 Ba. Found. 

Ba... 51*31 51*68 

We intend to attempt the isolation of the free acid, and hope to 
communicate the results to the Society in a future paper. 
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LXXI.—CONTRIBUTIONS FROM THE LABORATORY OF 
GONYILLE AND CAIUS COLLEGE, CAMBRIDGE. 

No. XXI. Contributions to the Knowledge of Mvdc Acid. 

By S. Ruhemaen, Ph.D., M.A., and S. F. Dtjftost, B.A., B.So. 

Part Y .—Muconic Acid . 

Is our previous investigation (this vol., p. 26), we attempted, "by the 
action of phosphorus pentachloride on mucic acid, to prepare tetra- 
chloradipic acid, with the view of replacing, if possible, the halogen 
atoms by hydroxyl groups, and thus producing a tetrahydroxyadipic 
acid, probably different from mucic acid. We found, however, that 
in this reaction phosphodichloromuconic aci 1 is formed at first, and 
then converted at a higher temperature into Bode’s dichloromuconic 
acid. 

We have, therefore, tried to attain the same end starting from 
tetrabromadipic acid, already described by Rupe (Annalen, 256, 26). 
Muconic acid is. as stated in a previous paper (Trans., 1890,57, 370), 
prepared from a-dichloromuconic acid by first reducing it to hydro- 
muconic acid by means of tin and hydrochloric acid; the hydromu- 
conic acid thus formed is treated with bromine in glacial acetic acid 
solution, and the resulting dibromadipic acid subjected to the action 
of potash. For this last stage Rupe uses alcoholic potash; we find it 
preferable simply to add the dibrominated acid to a cold strong 
aqueous solution of potash, and to precipitate the muconic acid by the 
addition of hydrochloric acid. 

Muconic acid, as stated by Rupe, combines directly with 4 atoms 
of bromine, forming tetrabromadipic acid. Following his directions, 
we did not succeed, however, in obtaining the acid, even after allow¬ 
ing the mixture of muconic acid and bromine to stand for se\ eral 
days; it is possible that he worked in strong sunlight, which might 
explain the difference in the results. Nevertheless, it is quite easy to 
obtain tetrabromadipic acid, even on a large scale, by heating dry 
muconic acid and bromine on a water-bath in a long-necked flask, the 
neck forming the internal tube of a condenser; we always noticed 
in this reaction, which is complete in about 15 hours, an evolution of 
some hydrogen bromide and the formation of a small quantity of an 
oil of irritating odour. The product is agitated with ether, 'which 
takes up the tetrabromadipic acid, leaving tiaces of unchanged nm- 
conic acid, the ethereal solution is evaporated, and the residue 
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crystallised from dilate alcohol, using animal charcoal to effect 
complete decolorisation. 

The acid thus obtained crystallises in colourless, shining plates, and 
is identical with that described by Rape. Its composition was, 
moreover, verified by a bromine determination, which gave 

Calculated for 

C 6 H 6 Br 4 0 4 . Found. 

Br. 69*3 69-2 

Tetrabromadipic acid is almost insoluble in water, but dissolves in 
ammonia and dilute alkalis, being precipitated unchanged on the 
addition of mineral acids. Silver nitrate added to a neutral solution 
of the ammoninm salt produces a white precipitate of the silver salt, 
which, however, slowly decomposes with formation of silver bromide. 
Though not altered by boiling water, tetrabromadipic acid undergoes 
change when heated with water in a sealed tube at 120°. On opening 
the tube, carbonic anhydride escapes; the yellow solution has the 
smell of burnt sugar and contains some crystals and a small quantity 
of resinous matter. The filtrate, on concentration, evolves hydrogeu 
bromide and deposits slightly coloured needles which, after recrystal¬ 
lisation from water with use of animal charcoal and drying at 100°, 
melt at 223° with decomposition. They contain bromine and are 
soluble in alcohol and in ether. On analysis, they gave numbers 
corresponding with the formula C 6 H 6 Br> 05 . 

Theory. Found. 


C. 22*63 22*5 L 

H... 1*89 1-98 


The substance is apparently, therefore, the lactone of a di hydroxy di- 
bromadipic acid. 

Limpricht (Annalen, 165, 271), who previously described tetra¬ 
bromadipic acid, which, however, does not appear to have been pure, 
states that it is only slightly attacked by boiling baryta water. We 
have, on the contrary, found that pure tetrabromadipic acid, althongh 
soluble without change in cold baryta water, undergoes a deep-seated 
decomposition on boiling, a brown precipitate of barium oxalate 
being thrown down; for, when the latter was decomposed with the 
required quantity of dilute sulphuric acid, the filtrate, on concentration, 
deposited long needles which by their properties and analysis were 
proved to be oxalic acid. 

Theory. Found. 


C. 19-0 18*83 

H... 4*76 4*9 

3 o 


VOL. LTX. 
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The filtrate from the barium oxalate contained an unstable acid, 
which we did not succeed in isolating. 

Alcoholic potash decomposes the acid, on heating, with dark-brown 
coloration; on evaporating the alcohol, dissolving the residue in 
water, and acidifying the solution, an acid ■was liberated; this was 
soluble in ether, but on evaporating the ethereal solution a resin was 
left. It is most probable that the acid formed in this reaction is the 
diacetylenedicarboxylic acid obtained by v. Baeyer from propargylic 
acid (Ber 18, 678J. 

As we did not succeed in preparing the corresponding hydroxy-acid 
from the tetrabromo-acid by the action of baryta, potash, or silver 
oxide and water, it seemed possible that the ethereal salt might give 
more satisfactory results. 

Tetrabromadipic acid cannot be converted into its ethyl salt, cither 
by the action of hydrogen chloride or of sulphuric acid on its 
alcoholic solution, the acid remaining unchanged in both cases. In 
order to obtain the ethereal salt of the acid, therefore, we attempted 
the direct bromination of ethyl muconate, which is easily got by 
heating the alcoholic solution of muconic acid with sulphuric acid 
(Trans., 1890, 57, 374). This ethereal salt was then dissolved in 
chloroform which had been purified by distillation over calcium 
chloride, and a solution of dry bromine in chloroform added. We 
found that 2 atoms of bromine were taken np with considerable readi¬ 
ness, the solution becoming slightly warm; no h)drogen bromide was 
evolved. 

The product is ethyl dibromhydrom ucon ate, which is left behind 
on distilling off the solvent; on recrjstaJlisation from alcohol, it 
forms beautiful, colourless needles which melt at 84—85°, and are 
very soluble in ether and chloroform. 

The analysis coi responds with the formula 

COOC,H a -OHBr-GHBr-OH:OH-COOC 3 H 5 . 

Found. 

* 

Theory. I. II. 


C. 33*51 33*57 — 

H. 3*91 3*81 — 

Br. 44*69 — 44*90 


The ethereal salt, when boiled with slightly more than 4 mols. of 
potash dissolved in alcohol, yields the potassium salt of bromhydroxy- 
hydromuconic acid and potassium bromide. After evaporating the 
alcohol, the residue is dissolved in water, acidified, and extracted many 
times with ether, which dissolves the brominated acid. The ether is 
evaporated and the acid recrystallised from water. On cooling the 
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hot solution, small clusters of needles separate; these decompose 
at 254° and are very soluble in alcohol. Examination proves this to 
be the lactone of bromhydroxyhydromuconic acid, the analysis giving 


results corresponding with the formula COOH*CHBrCH< 


CH!CH 
OOO ' 


Theory. Found. 


C. 32 58 32*90 

H... 2 26 2*39 


On dissolving the lactone in water, it is transformed again into the 
corresponding hydroxydicarboxylie acid, since 0*1113 gram required 
for neutralisation 0 0399 gram of sodium hydroxide, corresponding to 
36*13 per cent., whilst the amount calculated for the dicarboxylic acid 
is 36*2 per cent. 

Silver nitrate gives also the silver salt of the dicarboxylic acid as 
a white precipitate, formed at ouce on mixing the two solutions. 

The formula COOAg'CHBr*CH(OH)*CH!CH*COOAg requires:— 

Calculated. Found. 

Ag . 47 68 47 64 

Ethyl Tetrabromadipate .—Although 2 atoms of bromine are very 
readily taken up by ethyl muconate, the complete bromination of 
this substance takes place slowly even in direct sunlight. The re¬ 
action is best effected, as before, in chloroform solution, and is com¬ 
plete in about two days. After removal of the chloroform, the 
ethereal salt of tetrabromadipic acid remains as an oil which soon 
becomes completely solid. Recrystallised from alcohol, it fotms 
colourless, rectangular prisms melting at 70—71°. The formula 
COOC 2 H 5 '[CHBr] 4 *COO 02 H 5 was confirmed by a bromine determina¬ 
tion, which gave:— 

Calculated. Found. 

Br. 61*77 61*40 


The further investigation of these compounds in the direction 
already indicated we hope to complete and lay before the Society in 
our next communication. 


Past VI .—On the Constitution ofMucic Acid . 

In accordance with the hypothesis of Van’t Hoff and Le Bel, two 
inactive tetrahydroxyadipic acids should exist, unresolvable into 
active components. 

Mucic acid is considered to be one of these possible acids, and we 
have extended Sohstand Tollens’ researches (Armcilen, 245, 1) by the 

3 G 2 
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preparation and careful examination of the salts which this acid forms 
with optically active alkaloids. 

Quinine Salt .—Mneic acid is boiled in water with quinine hydrate, 
and filtered. The filtrate, on cooling 1 , deposits colonrless needles, 
which, after recrystallising from hot water, gave npon analysis:— 

Found. 

Calculated for t - K -\ 

C 6 H I0 O 8 ,2(000^24^03). I. II. 


C. 64*32 64*50 — 

H. 6*76 6*70 — 

hr. 6*53 — 6-86 


Cinchonine Salt —Cinchonine was boiled with mncic acid and water. 
Th* solution, filtered and concentrated, deposited clusters of needles, 
fairly soluble in water, readily in alcohol. 

The formula C 8 Hi 0 O 8 ,2 C was confirmed hy a nitrogen de¬ 

termination— 

Calculated. Found. 

K. 7*02 7*09 

Strychnine Salt .—Prepared in exactly the same manner as the salts 
just described, crystallises from water in long needles. The analysis 
confirmed the formula CsHioOs^CsiH^NsOs). 

Calculated. Found. 

N.. 0*38 6*47 

In these three cases, one salt only was formed, and on treatment 
with a mineral acid the same acid, mucic acid, was reproduced. 

Mueic acid is, therefore, undoubtedly one of the unresolvable tetra- 
hydroxyadipic acids. 

On heating with water at 170°, unresolvable mesotartario acid is 
converted into its resolvable isomeride racemic acid ; it seemed to us, 
therefore, possible that the acid described by Malagouti (Annalen , 15, 
179), produced by boiling down tbe aqueous solution of mucic acid, 
might bear to this acid the same relationship as racemic acid does to 
mesotartaric acid. This view was proved by our experiments to be 
incorrect. Following Malagouti’s directions, we extracted the dry 
residue, obtained hy evaporating the aqueous solution of mucic acid 
with alcohol, but instead of evaporating in a vacuum over sulphuric 
acid, as Malagouti did, we distilled off tbe alcohol and reerystallised 
the solid residue from hot alcohol. 

The substance obtained gave on analysis:— 
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i. n. 

C. 38*14 38*21 

H. 5*73 5*59 


These numbers prove that the product is not mucic acid or an 
isomeride, which would require 34*28 per cent, carbon and 4*76 per 
cent, hydrogen, bnt that it must be a partially etherified acid. To 
test this view, we heated the above product with absolute alcohol for 
several hours on the water-bath ; the alcoholic solution on concentra¬ 
tion deposited crystals which, dried at 100°, gave on analysis:— 


C. 39*47 

H... 5*93 


These numbers agree very closely with those required by Ihe 
monethyl salt of a tetrahydroxyadipic acid, which would require 40*3 
per cent, carbon and 5 88 per cent, hydrogen. 

To determine whether this ethereal salt was derived from mucic 
acid itself or ah isomeride, we completed the etherification by passing 
hydrogen chloride into the alcoholic solution. The resulting diethyl 
salt was found to be identical in every respect with ordinary ethyl 
xnucate. 

These experiments show that Malagouxi’s paramucic acid cannot 
be an isomeride of mucic acid. Since, also, mucic acid even when 
boiled for several hours with alcohol is not changed, whilst the so-called 
paramucic acid under similar treatment yields the monethyl salt of 
ordinary mucic acid (as shown by its conversion into ordinary ethyl 
mucate), we were led to the view that paramucic acid is an anhydride. 
We were engaged in its further investigation when Emil Fischer 
(iter., 24,2136) published an account of his experiments on the same 
subject, and showed that on boiling the aqueous solution of mucic 
acid it is in part converted into a lactone which he further found to 
be incompletely ethei ified on boiling with alcohol. 

Although it would seem that Malagouti’s paramucic acid is not 
an isomeride of mucic acid, but the lactone of this acid, E. Fischer 
(Zee. ciL) has succeeded in transforming mucic acid into a different 
tecrahydroxy-acid, allomucio acid, by heating it with pyridine. 
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LXXII.—CONTRIBUTIONS FROM THE LABORATORY OF 
GrONVILLE AXD CAIUS COLLEGE, CAMBRIDGE. 

Ho. XXII. Orthoquinolinehydrazine. 

By S. F. Dufton, B.A., B.Sc., Assistant Demonstrator in the 
Cambridge University Chemical Laboratory. 

Iv view of the great importance of hydrazines, both as reagents and 
in the synthesis of nitrogen compounds, it seemed desirable to prepare 
and investigate one or more of the possible hydrazines of quinoline, 
with the special object of determining the influence of the strongly- 
positive quinoline nucleus on the chemical character of the hydr¬ 
azine. 

Of the three nitroquinolines known, the ortho-compound is the 
most readily attainable, and this, therefore, I have taken as the start¬ 
ing point of my research. 

Ortlionitroqn inol me. 

By direct nitration of pure quinoline with a mixture of fuming nitric 
acid and strong sulphuric acid, a- and /9-dinitroquinoline and ortho- 
and meta-mononitroquinoline are produced. From this mixture the 
ortho-compound is easily separated, in accordance with the directions 
given by Claus and Xramer (Ber., 18, 1243). 50 grams of quinoline, 
dissolved in strong nitric acid, are added to 150 c.c. of fuming nitric 
acid, and 150 c.c. of concentrated sulphuric acid slowly run into the 
cooled mixture. The whole is then heated in a long-necked, round 
flask for 10 hours at a temperature of 80°. The reaction is apt to be 
too violent at first, but afterwards goes perfectly quietly. 

The nitrated product is poured into water, and a solution of about 
250 grams of caustic soda added slowly, when from the still acid liquid 
almost the whole of the dinifcro- and metanitro-quinolines crystallise 
out. After a few hours, the liquid is filtered, and an excess of caustic 
soda added, when the orthonitroqui noline is precipitated. After 
washing and recry&tallising from alcohol, it forms beautiful, long, 
almost colourless needles. The yield is about 25 grams. 

Orthamidoquinoline. 

Hitroqumoline is readily reduced to the amido-compound hy adding 
to it the calculated quantity of stannous chloride, both being dis- 
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solved in hydrochloric acid. The carefully-cooled mixture, which 
has become almost solid, is made slightly alkaline with caustic soda, 
and extracted three times with ether. After drying over potassium 
carbonate, the ether is evaporated, and the residue distilled in a 
vacuum ; it boils constantly at 271° under a pressure of 20 mm., the 
distillate being a strongly-refracting, slightly yellow oil which 
quickly solidifies completely. Glaus and Kramer distil the alkaline 
reduced mixture in a current of steam, but, owing to the considerable 
solubility of amidoquinoline in water, and to its low vapour pressure 
at 100°, the method is quite inapplicable to the preparation of large 
quantities of the substance. 

Orthoqui no lin ehydrazine . 

If the amidoquinoline thus prepared be diazotised in the usual 
way, and the calculated quantity of stannous chloride dissolved in 
strong hydrochloric acid added, a large, yellow precipitate of a double 
tin compound of the hydrazine is thrown down. This is collected, 
washed with strong hydrochloric acid, dissolved in a large quantity 
of water, and a rapid current of hydrogen sulphide passed through 
the solution for several hours. After filtering off the tin sulphide, 
the liquid is boiled down to a small bulk and allowed to crystallise. 
The crystals thus obtained are dissolved in water, the last traces of 
tin removed by hydrogen sulphide, and the filtered solution again 
evaporated. On cooling the concentrated solution, thick, yellow, 
lustrous prisms of the hydrazine dihydrochloride separate. 

Analysis confirms the formula 

H H 

C 0 

JJ\>H 

N 0 

■* ic 1 hWh>-hci. 


Found. 

Calculated. fT II. II?. 


C. 46-35 46-8 — — 

H. 4-74 4-82 — — 

N. 18-1 — 18-18 — 

Cl. 30-6 — — 80-7 


The free hydrazine is best liberated by adding a saturated solution 
of sodium acetate to the strong aqueous solution of the hydrochloride. 
The liquid becomes turbid, and extremely fine, long, slightly yellow 
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needles of the hydrazine separate out on standing. After drying in 
a vacuum over sulphuric acid, they melt at 64°. 

Orthoq itinol in ese micarbuzide . 

On mixing aqueous solutions of potassium cyanatc and of the 
hydrazine hydrochloride, a thick, nearly white precipitate is thrown 
down after a few seconds. This substance, the semicarbazide, when 
collected, washed with water, and purified by recrystallisation from 
hot alcohol, forms beautiful white, shining leaflets, which melt at 
285° with decomposition. 

The substance dried in a vacuum over sulphuric acid gave on 
analysis numbers corresponding to the formula 

CsNHo-XH-NH^OOISrHa. 

Found. 

f _ K -^ 

Calculated. 1. 11. 


e . 594 59*84 — 

H. 4*9 5 01 — 

N. 27*7 — 27*9 


The Pyruvic Add Hydrazone. 

On the addition of pyruvic acid to a strong aqueous solution of the 
hydrazine hydrochloride, an orange, crystalline precipitate is thrown 
down. This is the hydrochloride of the pyruvic acid hydrazone, and 
may be purified by recrystallisation from water, when it forms beau¬ 
tiful orange needles. Sodium acetate liberates the free hydrazone as 
a light-yellow, insoluble precipitate; washed thoroughly with water, 
and dried at 100°, it gave on analysis results agreeing with the 

formula C„NH 1 > -NH-N:C<q^ B[ . 

Found. 

Calculated for /-»--j 

C 13 H n N 3 0>, I. II. 


0 . 62*9 63*1 — 

H. 4*8 4*3 — 

N. 18*3 — 18*4 


The substance melts at 1/4°, and has both acid and basic proper¬ 
ties. 


Orthoquinindole-a»cai boxylic Acid. 

The hydrazones hitherto described, derived from primary hydr- 
azines, do not yield indole derivatives on treatment with eoncen- 
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trated hydrochloric acid, but split up, under the influence of this agent, 
into the substances used in their formation. The pyruvic acid 
compound of quinolinehydrazine, however, is readily condensed to an 
iudolecarboxylic acid when heated with hydrochloric acid. It is only 
necessary to boil the clear solution of the hydrazone in hydrochloric 
acid for a short time when the liquid becomes filled with yellow 
crystals of the indolecarboxylic acid. These are filtered, washed with 
water, and dissolved in a large quantity of boiling alcohol. The hot 
filtered solution, if diluted with water, deposits slender, colourless 
needles on cooling: these are very sparingly soluble in water, 
somewhat more readily in alcohol, and melt at 286° with decomposi¬ 
tion. 

The formula of the compound is 


H K 
C O 


hc / '\j / \ch 


\ 


IT¬ 


CH 


C-COOH 


this was verified by analysis, which gave 

Found. 

Calculated for f -*-v 

C 13 H 7 N 2 0j>. I. II. 


C. 67*8 (377 — 

H . 37 3 7 — 

K. 13-2 — 13*2 


I hope to communicate the results of a further investigation of 
this hydrazine in a short time. 

In conclusion, I must express my hearty thanks to Dr. Ruhemann 
for the very kind encouragement aud advice he has given me during 
the course of this investigation. 
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LXXm.—CONTRIBUTIONS FROM THE CHEMICAL LABO¬ 
RATORY OF THE UNIVERSITY OF EDINBURGH. 

No. IV. Oxidation of Cobalt Salts by Electrolysis. 

By Hugh Marshall, D So., F.R.S.E. 

Several years ago I contributed a short note on cobalt ammonium 
alum to the Royal Society of Edinburgh ( Proc. Boy. Soc. Edin ., 14, 
203). A full report of the work done in connection with the subject 
has, however, not yet been published. For a considerable time I was 
unable to cany the research further, and afterwards found some diffi¬ 
culty in repeating the experiments with satisfactory results. During 
the past year I have again taken up the subject with much greater 
success, and the results so far obtained are described in the present 
paper. 

My attention was first called to the subject by a peculiar action 
noticed during the electrolytic separation of copper and cobalt by 
Claisen’s method. The solution which was being analysed contained 
copper, cobalt, potassium, and hydrogen sulphates, and it was found 
that if too strong a current was employed to separate the copper, 
the colour of the solution, notwithstanding the rapid deposition of 
the metal, did not ehange to pink, as was expected, but became 
greyish-green. As this was apparently only slightly, if at all, altered 
by prolonged action of the current, some of the liquid was removed 
and tested for copper by means of sulphuretted hydrogen solution. 
This immediately changed the colour to pink, while the liquid became 
opalescent through separation of sulphur. There was, however, no 
copper present. This behaviour pointed to oxidation of the cobalt 
as the cause of the peculiar appearance, and it was found on testing 
the remainder of the solution with various reducing agents that these 
all brought about the change of colour from green to pink. 

The next point to be settled was whether the amount of oxidation 
corresponded to any definite oxide or was only partial. For this pur¬ 
pose, two solutions were made up, one containing the sulphates before 
mentioned, the other being similar, except that it contained no 
cobalt. In each case there was a relatively large proportion of copper 
salt. These solutions were then electrolysed under similar condi¬ 
tions. The solution containing the cobalt behaved as in the case 
above mentioned. When it was evident that the copper was all pre¬ 
cipitated, the current was stopped, and pure ferrous sulphate solu¬ 
tion added to each in equal quantity. This changed the colour of the 
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cobalt solution to pink. The two were then titrated back with standard 
permanganate solution, when, as was expected, the cobalt solution re¬ 
quired less than the other, corresponding to the oxidising action of 
the green compound formed. The amount of extra oxygen thus 
estimated was sufficient to raise barely one-sixth of the cobaltous 
salt present into cobaltic. The blank experiment, in which no cobalt 
was employed, was to get rid, as far as possible, of errors due to the 
formation of other oxidising agents. The result, whilst proving con¬ 
clusively that oxidation had taken place, showed that it was only to a 
comparatively small extent. 

From the conditions under which the action took place, it seemed 
most natural to conclude that the compound formed was a cobaltic salt, 
but the colour seemed to contradict this view. Solutions obtained by dis¬ 
solving cobaltic hydrate in cold acids, and supposed to contain cobaltic 
salts, are brown. The supposition that a double salt might be formed 
did not seem quite satisfactory. The double sulphates of other similar 
metals—the alums—have not always the same colour as the simple 
sulphates which form them, as in the case of iron, but then they do 
not exist as such in solution in water. It therefore seemed necessary 
to isolate the substance in the pure state before it would be possible 
to decide conclusively as to its composition. 

The part which the copper sulphate played seemed fairly evident. 
By its electrolysis we have a powerful oxidising agent—nascent 
S0 4 ions—liberated without at the same time setting free an equally 
active reducing agent, the copper being deposited directly as such on 
the cathode. Some of the SO* ions thus liberated would then act 
upon some of the cobaltous sulphate, converting it directly into cobaltic 
salt. Assuming the formation of the latter, the reaction might be 
I'epresented by tbe equation 

CuS0 4 + 2CoS0 4 = On + Co 2 (S0 4 ) 3 . 

Of course this actiou is only very partial, large quantities of oxygen 
being also produced from decomposition of the water in the ordinary 
way. 

The presence of the copper salt was, however, a considerable draw¬ 
back, and it was sought to effect a similar result by a special form of 
apparatus. Two ways suggested themselves as suitable: 1st, the 
electrodes might be placed in separate vessels connected by a tube; 
or, 2nd, they might be separated from one another by a porous parti¬ 
tion. In either case we should expect to see oxidation take place in 
the liquid surrounding the anode. 

The second method was the one adopted. The solution to be oxidised 
was contained in a beaker, in the centre of which stood a porous 
battery jar containing dilute sulphuric acid. The anode consisted of 
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a spiral of stout platinum wire placed in the outer cell, while a sheet 
of copper in the inner one acted as cathode. The solution contained 
cobalt, potassium, and hydrogen sulphates, the former roughly in 
the proportion 2CoS0 4 : K 3 S0 4 . whilst the latter was in large excess. 
The current was supplied by two large Bunsen’s elements in series, 
that being the strength employed in the first experiments. 

During the passage of the current, the colour gradually changed, 
becoming first purplish, but next morning it was dark-brown, not at 
all like the colour of the solutions previously obtaiued. The current 
was continued for some time, but little change seemed to occur, and 
there was no appearance of anything approaching a green colour. 

The ratio of extra oxygen to cobalt in the solution was then deter¬ 
mined, and this showed that fully a third of the cohalt might exist as 
cobaltic salt. The ratio would probably be too high, due to the pre¬ 
sence of other oxidising agents. The solution behaved exactly like 
the brown solution obtained by dissolving cobaltic hydrate in sulph¬ 
uric acid. It decomposed slowly on standing, rapidly if warmed. It 
was quickly reduced by easily oxidisable substances. Hydrogen 
peroxide decomposed it with rapid evolution of oxygen; hydrochloric 
acid with liberation of chlorine. When shaken with pure ether, a 
green coloration was produced, changing in course of time to pink. 
A similar effect was produced by very weak alcohol when added in 
small quantity. Caustic potash gave a black precipitate. 

A new experiment was next tided with a modified apparatus. The 
beaker was replaced by a platinum basin which acted simultaneously 
os anode. A small porous cell was suspended centrally in this, a 
spiral of copper wire being employed as the cathode. The cell was 
filled with solution as before, but a stronger current was used, namely, 
three cells. The behaviour of the solution was the same as in the 
previous experiment. By next morning, however, a slight muddy 
deposit had formed round the side of the basin above the level of the 
liquid. It was mostly of a brown colour, but there was an edging 
coloured greenish-blue. On touching the basin, the deposit fell into 
the liquid and dissolved almost entirely. As the further action of the 
current produced no change in the appearance of the solution, the 
experiment was stopped. 

Up till now it had been assumed that the potassium sulphate was 
a necessary constituent of the solution, but it was necessary to prove 
whether this was so or not. An experiment was therefore started 
in which simply an acid solution of cobaltous sulphate was electrolysed 
in the above-described manner. The current was allowed to act all 
night, and next morning the appearance was quite unchanged. Some 
ammonia solution was then added so as to form ammonium sulphate 
with part of the free acid. The current was then continued as before. 
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The colour now gradually changed, becoming first violet, and next 
morning the solution was a deep greenish-blue. On pouring off the 
liquid, some small, dark-blue crystals were found in the bottom of the 
vessel. These, when examined under the microscope, showed no dis¬ 
tinct form, having apparently been largely redissolved. On examin¬ 
ing the reaction of the solution, it was found to contain copper, 
evidently from a brass ring above the basin, which had been attacked 
by acid spirted on it. A fresh solution was therefore made up in the 
same manner as before and similarly treated. The behaviour was 
exactly as before, and in the course of two days a crop of crystals was 
obtained. These were removed and dried between filter paper. When 
examined under the microscope, they proved to be nearly all perfect 
octahedra, whilst a few showed faces of the dodecahedron and the 
cube. The total quantity weighed about 1 gram, and was all used 
for analysis. The ammonia determination was unfortunately spoiled. 
The percentages obtained agreed well for cobalt ammonium alum, con¬ 
sidering that it is not possible to get the crystals quite pure and free 
from mother liquor. 

Found. Calculated for alum. 


Co. 12*5 12*1 

SO*. 41*2 39*6 


The experiment was continued after making up the liquid with 
more of the original solution, and after several days a quantity of 
substance amounting to 2 or 3 grams was obtained. The analysis of 
this gave the following results:— 

Found. Calculated for alum. 


Co. 12*70 12*10 

MH* . 3*75 3*71 

S0 4 . 39*38 39*62 

H s O by diff. 44*17 44*57 


In the next experiment, potassium sulphate was again employed in 
place of the ammonium salt, and as much as the solution would dis¬ 
solve was used. The solution behaved precisely as with the ammonium 
sulphate, becoming deep greenish-bine. The only crystals which 
separated in the coarse of several days, however, were potassium 
sulphate. At last a few dark-blue crystals were noticed among the 
colourless ones. Some strong solution of cobaltous sulphate was then 
added and the liquid further electrolysed. In this way a blue deposit 
was at last obtained, which was freed as much as possible from mother 
liquor by pressing between filter paper. The soft cake thus obtained, 
although it necessarily still contained a considerable proportion of 
impurity, was analysed with the following resnlts :— 
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Co. 10*45 

K. 9*98 

S0 4 . 51*70 

Difference. 27 87 


It was, therefore, conclnded to be a mixture of the alum with 
potassium hydrogen sulphate.* 

Several experiments were next tried with nickel sulphate in place 
of cobalt sulphate, but without result. 

While engaged in these experiments, an abstract of a paper by 
Kehrmann (Her., 19, 31016) appeared in this Journal, describing the 
preparation of a double cobaltic potassium oxalate which yielded a 
green solution. In Classen’s handbook on quantitative electrolytic 
analysis, it is stated that during the deposition of cobalt from cobaltous 
double oxalate solutions the liquid becomes first green and ultimately 
colourless. It seemed highly probable that this colour was due to the 
oxidation of the cobalt, according to the equation 

2CoCA + CA = Co 2 (CA)s. 

This cobaltic oxalate would then unite with the alkaline oxalate 
present to give the compound obtained by Kehrmann. To confirm 
this, a solution containing potassium cobaltous oxalate and oxalic acid 
was electrolysed in the apparatus, as used in the preparation of the 
alum, when a bright green solution was obtained. This was not 
reduced by sulphuretted hydrogen in the cold, but on standing some 
time it gradually changed to a solution of cobaltous salt. Owing to 
this decomposition and the great dilution, it was not possible to crys¬ 
tallise out the solid salt. There seemed no doubt, however, that a 
cobaltic compound was actually formed. 

As already mentioned, the further study of the subject was not pro¬ 
ceeded with for a considerable time, and when again taken up great 
difficulty w*as experienced in repeating the experiments, in so far as 
getting crystals of alum was concerned. The blue solutions could 
be prepared without much difficul ty. 

One point which early became evident was the necessity of some 
means of keeping the temperature of the solution constant, as decom¬ 
position sometimes occurred, due to heating caused by the passage of 
the current for a prolonged period. A coil of glass tube through 
which cold water circulated was first tried, but without satisfactory 
results. It appears preferable to cool directly the outside of the basin, 
as it is in the layer in contact with it that the oxidation takes place. 
For this purpose a special cooling appaiatus was constructed. The 

* In all probability it was a mixture of cobaltic sulphate with potassium per¬ 
sulphate. 
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arrangement will be understood from the following diagram, which 
roughly represents a section through the whole apparatus. 



i 



The platinum basin a, of about 200 c.c. capacity, is supported iu a 
copper ring 6. The latter is made of stiff sheet metal, in which a 
circular opening, considerably smaller than the basin, is cut. The 
inner edge of this ring is then cut in to a sufficient depth at short 
intervals, and the teeth thus formed bent downwards, till tbe basin 
can be pushed inside and still held firmly. This ring in turn rests on 
the edge of the cylindrical vessel c, which is also made of copper. It 
is provided with a trough d t to the bottom of which a short outflow 
tube e is attached. In the centre of the bottom of tbe vessel c, is 
the supply tube /. The short arm g has a binding screw h soldered 
to it. The whole is supported by the ring of an oidinary retort 
stand. The cathode consists of a stout platinum wire L This is 
attached to the tubular binding sciew which passes through an 
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india-rubber stopper held by an ordinary retort stand clamp. This 
ensures the insulation of the cathode. The porous cell b is sup¬ 
ported by a small glass rod, which passes through two holes drilled 
in the sides, and also through a loop on the platinum wire i. 

The whole cooling apparatus, except where electrical contact is 
necessary, is coated with black Tarnish, to preserve the metal from 
corrosion by acid liquid spirted on it from the basin. Cold water 
enters by /, rises round the basin, and flows over the edge into the 
trough, escaping at e. This continued flow of water keeps the points 
of contact between the basin and the ring, and between the ring and 
the vessel c, always clean, so that we have complete metallic connec¬ 
tion between the basin and the binding screw h. 

The apparatus acts very efficiently. Even with strong currents, 
the temperature of the liquid in the basin may be kept within 
9 —3° of that of the cold water, while that in the inner compart¬ 
ment may be 20—25° higher. 

The small tube m was added so that the apparatus might be 
n^ed as a steam bath in electrolytic analysis with warm solutions, 
a« in the estimation of cobalt. The steam is introduced by the 
tube /, and the condensed water escapes at m. When used for cooling, 
the latter opening is of course closed. 

The solutions first experimented on were prepared by saturating 
dilute sulphuric acid (1 acid to 8 water by vol.) with cobalt and 
pofassium or ammonium sulphates. The inner ceil was filled with 
dilate sulphuric acid. During the electrolysis, the liquid in the 
outer cell of course gets more and more strongly acid. The ordinary 
porous pots are gradually attacked by the acid, and some aluminium 
and ferric sulphates get into solution. For this reason it is advisable 
to nse any one pot for only a limited period, and also to use those 
made from pure kaolin free from iron. The current as a rule varied from 
If to 2f amperes, and.was supplied from a battery of accumulators, 
which made the work much less troublesome than when ordinary 
batteries had to be employed. The solution containing ammonium 
sulphate was first tried, as it had given the most satisfactory results 
previously. The liquid became distinctly blue in the space of an 
hour or two, and after fnliy two days a solid began to separate. 
This was finely crystalline, and when agitated gave the liquid a 
peculiar silky appearance. Examined under the microscope, it was 
seen to consist of small needles, with here and there a larger piece, 
somewhat resembling the partly dissolved alum crystals first obtained. 
When a considerable quantity had separated, forming amnddy deposit 
on the botom of the basin, it was filtered off through a piece of very 
thin platinum foil, pierced with numerous fine holes. The foil was 
laid, just like a piece of filter paper, on the fiat perforated plate of a 
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porcelain funnel. The paste thus obtained was then dried in thin 
layers on porous plates. When dry, it was scraped off, and formed a 
crystalline, powdery mass, of a fine, bine colour. The analysis gave 
no satisfactory result. The ratio of cobalt to ammonium was not 
a simple one, and the amount of sulphuric acid was much in excess 
of what was required for both metals. A slight excess was of 
course to be expected, owing to adhering mother liquor, of which the 
last traces can hardly be removed by the method of drying adopted. 

Other products gave similar irregular results on analysis, showing 
that mixtures were obtained. Experiments were next tried in which 
potassium sulphate was employed. Here exactly the same thing 
occurred. The substance obtained had the same appearance and the 
same irregular composition as in the case of the ammonium com¬ 
pound. As a rule the proportion of alkaline metal wa3 lower than 
in the alum, which seemed strange, as large quantities were present 
in the mother liquor. The explanation of this non-formation of alum 
was at length accidentally discovered. In an experiment with the 
potassium salt a white, crystalline powder separated first from the 
blue solution. This was supposed to be potassium sulphate, but was 
examined and found to be practically free from sulphate. Its pro¬ 
perties and the subsequent analysis proved it to be potassium 
‘persulphate.* Taking this formation of persulphate into account, it 
seemed highly probable that the blue substance was really impure 
cobaltic sulphate, and an experiment with a saturated solution of 
cobaltous salt alone in dilute sulphuric acid was started. The solution 
became blue exactly as in the other cases, and ultimately deposited a 
similar solid. This was separated and dried as above described, and 
analysis showed that it was cobaltic sulphate, with a large quantity 
of water of crystallisation. The following numbers were ob¬ 
tained:— 

Calculated for 

Found. Co 3 (S0 4 ) 3 ,I8H s O. 


Co . 16*0 16*07 

S0 4 . 41*1 39*50 

H a O....... 43*7 44*43 


The water was estimated directly by ignition with lead chromate. 
The sulphuric acid is in excess, as was to be expected, from the 
presence of free acid; consequently also part of the oxygen of the 
free acid is twice reckoned, coming in with the water. Some of the 
impure specimens first obtained were found to contain considerable 
quantities of aluminium sulphate from decomposition of the silicate 
in the porous pot. The quantity of water of crystallisation in the 


3 H 


VOL. LIX. 


# See succeeding paper, p. 771. 
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formula noted above was supposed to be probably tbe most correct. 
Aluminium sulphate crystallises with 18 mols. H 2 0 in the hydrate 
occurring naturally as “ hair salt.” 

As already mentioned, the substance forms a blue, crystalline 
powder. When the paste is dried on porous plates, the surface has a 
silky appearance. If kept in a dry atmosphere, or if gently warmed, 
it loses water, and rapidly decomposes, becoming first of a brownish 
colour, which quickly gives place to pink. If kept in a moderately 
moist atmosphere, this does not take place nearly so readily; some 
which has been kept in a tightly stoppered tube for months does 
not show any signs of decomposition. Treated with water, it dissolves, 
but immediately begins to decompose, becoming of a dark, purplish 
colour, quickly changing to a greyish, neutral tint, and ultimately 
becoming pink. The oxygen liberated is evolved briskly during the 
process. The greyish tint seems to indicate that the colours of the 
cobaltous and cobaltic salts are nearly complementary. The salt 
dissolves very easily and without immediate decomposition in dilute 
sulphuric acid. Such a solution is greenish-blue, but gradually 
decomposes completely in the course of a day or two. It is, of course, 
very easily decomposed by all reducing agents. It gives a black pre¬ 
cipitate when alkali is quickly added. The solid is also soluble in 
strong acetic and nitric acids. Strong sulphuric acid dissolves it, 
with formation of a deep reddish-brown solution. With hydrochloric 
acid, cobaltous salt and chlorine are formed. 

The cause of failure in the first attempt to oxidise an acid solution 
of cobaltous sulphate alone is not very evident. The only probable 
explanation seems to be that the solution had got warm. Certain it 
is that next morning there was no appearance of change of colour. 

Having succeeded in getting the simple cobaltic sulphate, there was 
no difficulty in getting the alums. A saturated solution of cobaltous 
sulphate was electrolysed till a large quantity of cobaltic salt had 
separated. The temperature was then allowed to rise to about 20°, 
and dilute acid added to dissolve the solid which still remained. The 
roughly calculated quantity of ammonium sulphate in fine powder 
was now added (only a small proportion of the cobalt passes to the 
inner cell) and a weak current passed till this was practically all 
dissolved. The clear liquid was then decanted and cooled by a freez¬ 
ing mixture. In this way a large crop of minute, octahedral crystals 
of the alum was obtained, and separated and dried like the snlphate. 
By more slowly cooling, larger crystals, recognisable with the naked 
eye, or easily with a hand lens, separated; they had a fine deep bine 
colour. That they were regular octahedra was shown by their be¬ 
haviour in polarised light. It was hardly necessary to analyse them, 
but the cobalt, total water (including that from the hydrogen of the 
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ammonium), and sulphuric acid were estimated with the folio w- 


ing results:— 

Found. 

Calculated. 

Go ... 

12-05 

12-09 

so*. 

40-1 

39 62 

UjO (total) ........ 

52-6 

52-00 


In a similar way, the potassium compound was obtained. As 
would be expected, the alums behave towards water and acids like the 
cobaltic sulphate. They also decompose wheu they lose water. The 
crystals cannot be so completely freed from mother liquor by a 
porous plate, but may subsequently be pressed between filter paper, 
with which, however, they must not be left long in contact. 

Cobaltic Ammonium Oxalate . 

The experiments on the oxidation of oobaltous oxalate were aho 
recommenced. As this salt is more soluble in ammonium than in 
potassium oxalate solution, the former was used. A small quantity 
was tried with a mixture of the two oxalates, with which a still 
stronger solution can be obtained. By fractional crystallisation of 
the oxidised solution, a solid compound was obtained which contained 
cobaltic, ammonium, and potassium oxalates, and agreed with the 
potassium compound described by Kehrmann. A much larger quan¬ 
tity of the pure ammonium compound was prepared. A hot satu¬ 
rated solution of cobaltous and ammonium oxalates was cooled and 
electrolysed, a considerable quantity of both the oxalates being added 
in a solid state. The inner cell was filled with oxalic acid solution, but, 
as a saturated solution of this acid is not very strong, the liquid in 
the inner cell soon becomes alkaline from free ammonia. To avoid 
this, a slow current of solution was kept flowing through the inner 
cell. With the oxalate it is quite unnecessary to cool the liquid. In 
this way a considerable quantity of dark-green solution was obtained. 
Alcohol was then added with the intention of fractionally precipitating 
the salts, and in this way the greater part of the ammonium oxalate 
and the cobaltous double salt were separated, but even a large 
quantity of alcohol did not precipitate the cobaltic compound. The 
solution was then left to concentrate spontaneously, during which 
operation a certain amount of decomposition took place. Wheu a 
very strong solution had been obtained in this way, the evaporation 
was continued in a vacuum. Further quantities of impurities separated 
and ultimately a large mass of nearly black crystals was obtained 
and purified by recrystallisation. Analysis showed it to be the 
ammonium salt corresponding to the potassium salt obtained by 

3 h 2 
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Kehrmann. The oxalic acid and the water were determined by com¬ 
bustion. 

Calculated for 

Found. Co 3 (NH ^6 (C 3 0 4 ) 6> GH 2 0. 


Co. 13*80 13*61 

KH*. 12*69 12*54 

C 3 0 4 . 61*20 61*31 

H a O (total). 38*76 37*62 


The crystals are nearly black prisms which dissolve very readily in 
water, giving a dark-green solution. In thin films the salt exhibits 
dichroism—blue and green—as observed by Kehrmann in the case of 
the potassium salt. The solution was much more stable than was 
expected. It was only slowly decomposed on boiling, depositing 
cobaltous salt. Sulphurous acid, sulphuretted hydrogen, and even 
stannous chloride did not reduce it in the cold. Caustic alkalis gave 
a black precipitate on warming, but not immediately in the cold. 
With strong hydrochloric acid, the solution remained green, but 
changed to blue on warming, anhydrous cobaltous chloride being 
formed. The crystals effioi esced when kept in a dry atmosphere (in 
a desiccator) at the ordinary temperature, yielding a bulky, green 
powder. A quantity which had been over sulphuric acid in a vacuum 
for several days was found to contain just about half as much water 
as the crystallised salt. The compound was found to be slowly de¬ 
composed by light, thus resembling the corresponding ferric salt. 
Some of the green powder which was left for several weeks in a tube 
was found to be bleached on the side towards the light, cobaltous 
salt and ammonium oxalate being formed, while the parts protected 
from the light remained bright-green. 


Gobaltic Nitrate . 

When a strong solution of cobaltous nitrate is electrolysed in a 
divided cell, it becomes of a deep indigo-blue, but soon returns to its 
original state when the current is stopped. Attempts to obtain a 
solid compound have not yet been snccessfnl, but the experiments are 
still being carried on. 

In the last number of the BericJite (24, 2324), which has just 
been received, there is a paper, by Kehrmann and Pickersgill, “ On 
the Cause of the Colour observed during the Electrolysis of Cobalt 
Oxalate Solution,” in which they also prove that a cobaltic double 
oxalate is formed in this process. They have succeeded in isolating 
the potassium salt, and show that it is identical with that previoubly 
prepared by Kehrmann from cobaltic hydrate and potassium hydrogen 
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oxalate. They did not use a divided cell, the operation being carried 
out practically as in the quantitative electrolytic deposition of 
cobalt. 

University of Edinburgh, 

August, 1891. 


LXXIV.—CONTRIBUTIONS FROM THE CHEMICAL LABO¬ 
RATORY OF THE UNIVERSITY OF EDINBURGH. 

No. V. The Persulj)hates. 

By Hugh Marshall, D.Sc*, F.R S.E. 

Persulphuric anhydride, S 2 0 7 , was first described by Berthelot in 
1878 ( Gomj)t . rend., 86, 20, 277). He obtained it by subjecting a 
well-cooled mixtare of sulphurous anhydride and oxygen to the 
‘•silent discharge” m an ozme tube. By treating the anhydride 
with water he obtained a solution which, while containing chiefly 
sulphuric acid formed by decomposition of the new substance, 
possessed oxidising properties, and might therefore be supposed to 
contain persulphuric acid. Subsequently (ibid., 86, 71) he showed 
that a similar solution is formed at the anode during the electrolysis 
of fairly concentrated sulphuric acid. The oxidising properties of 
such a solution had been previously observed, but attributed to ozone 
and peroxide of hydrogen. By cautiously neutralising with barium 
hydrate and filtering, a solution was obtained which, on boiling, 
deposited barium sulphate, while free sulphuric acid, equivalent in 
quantity to the barium sulphate, remained dissolved. This seemed to 
prove that the substance was really an acid corresponding to the 
anhydride, although it was found impossible to obtain the salts in 
the solid state. Mendeleeff (Bull. Soc. Chim., 38, 168), however, 
adopted a different view, holding that the new compounds were per¬ 
oxides corresponding to barium peroxide, hydrogen peroxide, &c., and 
n ould not form salts. 

Further papers on the subject have since been published by Moritz 
Traube (Ber., 22, 1518) and also by Richarz, chiefly with reference 
to the direct formation of peroxide of hydrogen. The former en¬ 
deavoured to show that the formula adopted by Berthelot and also 
his view as to the nature of the compound were incorrect. He 
proposed the formula SO4 and the name “ sulphur holoxide.” Early 
this year, however, I discovered a method of preparing solid per- 
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sulphates, as mentioned in the preceding paper on cobaltic salts, and 
a short preliminary note on the potassium salt was read before the 
Royal Society of Edinburgh ( Froc. Boy. Soo. Bclin., 18, 63). Re¬ 
cently, another paper, “ On Sulphur Hoi oxide,” has been published 
by M. Traube ( Ber ., 24, 1764) •* this has been promptly replied to 
by Berthelot ( Gompt. rend., 112, 1481). 

In the present paper I intend to describe, so far as they have been 
examined, those persulphates which I have as yet succeeded in pre¬ 
paring, as the completion of the investigation will probably require 
some considerable time. The salts described have not yet been sub¬ 
jected to proper crystallographic examination, so the exact crystalline 
forms are as yet doubtful. These and many other points must be re¬ 
served for a subsequent paper. 

Potassium Persulphate. 

The discovery of this salt, as already stated, was purely accidental. 
A fairly acid solution of cobalt and potassium sulphates was being 
electrolysed in a “divided ” cell (this vol., p. 761), when, after a day 
or two, a quantify of small crystals separated. These, when filtered 
from the blue mother liquor, proved to be colourless, and were, there¬ 
fore, supposed to be simply potassium sulphate. They were, however, 
washed with cold water, and a solution of a small quantity tested 
with barium chloride solution. This gave only a faint precipitate, 
but, on warming, barium sulphate slowly separated and chlorine was 
evolved. The solution also liberated iodine from potassium iodide 
and showed other oxidising actions. When heated, acid fumes were 
evolved and pure potassium sulphate remained. This seemed all to 
point to the salt being a persulphate, and analysis confirmed this 
view. 

The next thing was to prepare, if possible, further quantities of the 
salt. A saturated solution of potassium hydrogen sulphate was 
electrolysed in the apparatus described and figured on p. 765, the 
inner cell being filled with dilute sulphuric acid. A current of 
3 —3^ amperes was employed, and in the course of two days a white, 
crystalline deposit began to form. This proved to be potassium 
persulphate. After a considerable quantity had collected, it was 
separated from the mother liquor by filtration through perforated 
platinum foil and then dried on porous plates. The mother liquor 

* In an abstract of Traube’s paper which appeared in “ Notes” of Nature, 
44, 163, it is stated that Berthelot obtained crystals of persulphttrie add on the 
anode in the electrolysis of sulphuric acid. It is hardly necessary to say that this 
is erroneous; he obtained crystals of the anhydride by means of the “ silent dis¬ 
charge.” 
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was then put back, the basin filled up with more of the original 
solution, and the process continued. A further deposit began to form 
in an hour or two, and after 24 hours the salt was again removed. 
This was repeated several times until a considerable quantity had 
been collected. Starting as above described, simply from the double 
sulphate, the product first obtained is finely granular, and is easily 
separated. As the mother liquor gets more and more acid, however, 
the deposit gets much finer and is apt to run through the perforated 
platinum along with the liquid. 

The dry salt obtained in this way is somewhat impure, containing 
sulphate and fiee acid. A nearly pure product can be got with the 
earlier crops by washing them with cold water after filtering, but 
with the fine deposits this is hardly possible. In any case it is much 
better to recrystallise the salt. For this purpose it is treated with 
hot distilled water so as to obtain a nearly saturated solution, and 
this, after filtering as quickly as possible, is then rapidly cooled. 
During the treatment with hot water, slight decomposition takes 
place, but the amount is inconsiderable unless the solution itself be 
heated for some time. The solution deposits the salt in the form of 
minute prisms, which are collected and dried. By allowing the solu¬ 
tion to cool slowly, large crystals, generally tabular, are deposited, 
though long prisms sometimes grow from the surface of the liquid. 
By spontaneous evaporation, large, fiat tables can be obtained. The 
crystals appear to be asymmetric, and the minute prisms show, in 
polarised light, numerous examples of twinning. Large twinned 
crystals have also been observed, the twinning plane being the tabular 
face. 

The composition of the salt is represented by the formula KSO*. 
As already mentioned, potassium sulphate is left on ignition, oxygen 
and sulphuric anhydride being evolved. The percentage of the 
former was determined, the oxidising power estimated by standard 
ferrous sulphate and permanganate solutions, whilst the amount of 
oxygen evolved on heating was also measured. In the latter case the 
salt was placed in a tebt-tube provided with a double-bored cork. By 
one tube, pure carbonic anhydride was introduced, while by another the 
gases were passed into a nitrogen measuring tube filled with a strong 
solution of caustic alkali. When all the air was displaced, the salt 
was heated till non-absorbable gas ceased to be evolved. The volume 
of oxygen from a given weight of salt was thus obtained. 

Results of analysis:— 

Calculated 
Found. for KS0 4 . 

K 2 SO 4 ... 64*2 64*4 

SO* (from extra oxygen fonud by titration). 35*5 35*6 
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1*422 gram gave, at 752 mm. and 15°, 63*1 c.c. of oxygen, weighing 
0*0848 gram, equal to 5*96 per cent. Theory, 5*92 per cent. 

• As regards the correct molecular formula, it would appear to he 
KS0 4 and not K 2 S 2 0 8 . Dr. James Walker has kindly made a series 
of conductivity determinations with dilute solutions and obtained 
results as follows:— 


«. 

**• 

64 

125-0 

128 

130-0 

256 

135-6 

512 

139 0 

1024 * 

140-7 


A 

(^1024 — Pm ) 

15*7 


In the case of potassium perchlorate, the corresponding value of 
A, as given by Ostwald, is 15*0, and in the two cases the values of /i 
are almost identical for the various concentrations. 

Potassium persulphate is sparingly soluble in cold water. Three 
determinations of the solubility at zero were made in the manner 
recommended by Victor Meyer:— 

I. 9*738 grams of solution gave on evaporation and ignition 
0*1093 gram of potassium sulphate, equivalent to 0*1695 
gram of persulphate. 

II. 14*851 grams of solution gave 0*1664 gram of sulphate, 
equivalent to 0*2581 of persulphate. 

III. 24*219 grams gave 0*269 gram of sulphate, or 0*4172 of per¬ 
sulphate. 

Therefore, 100 parts of water at 0° dissolve (1) 1*77, (2) 1*77, 
(3) 1*75 parts of potassium persulphate. 

In aqueous solution the persulphate gradually decomposes at the 
ordinary temperature, with formation of potassium hydrogen sulphate 
and liberation of oxygen, but tbe process is a very slow one. After 
three months, a solution, pure to start with, was found to contain a 
considerable proportion of snlphate. The greater part, however, was 
found to be still undecomposed. The pure solution is neutral to test 
papers, and the progress of the decomposition can be noticed by 
observing the amount of add liberated. The solution gave, with 
chromic add and permanganate solutions, no indications of the 
presence of hydrogen peroxide. Another saturated solution was left 
for several weeks in contact with pnre metallic zinc, and there still 
remained a considerable quantity of persulphate. To the same liquid 
a little copper sulphate solution was added, so as to form a zinc- 
copper couple. Three days later, traces of persulphate still existed 
in the solution. 
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The solution does not yield a precipitate with any reagent such as 
would give rise to ordinary double decomposition resulting in the 
formation of an insoluble salt. In fact, potassium per&ulphate, like 
the perchlorate, seems to be less soluble than the corresponding 
salt of any other metal. Any precipitates which are formed are, 
therefore, due to complete decomposition of the persulphate. Thus a 
dear solution of persulphate, when mixed with one of a barium salt, 
slowly deposits barium sulphate, often forming a thin layer closely 
adhering to the sides of the tube, and very difficult to remove. This 
decomposition is very much accelerated by heating the liquid. Even 
then, however, it takes some time, and a solution which has been 
briskly boiled often gives, after filtering and again boiling, a con¬ 
siderable further precipitate. 

A solution of a lead salt also deposits sulphate on warming it with 
the persulphate. If alkali be added to the mixture (not previously 
heated) and then warmed, the hydrate first thrown down is changed 
to peroxide. A solution of lead hydrate in potassium hydrate also 
yields a precipitate of lead peroxide if boiled with the persulphate. 

With silver nitrate, no immediate precipitate is obtained, hut the 
liquid gradually acquires an inky appearance, and, alter some time, 
a black precipitate of peroxide of silver separates. The liquid 
at the same time becomes strougly acid. Thi*> action is apparently 
due to the fact that silver persulphate is decomposed by water like 
some other silver salts of acids of sulphur, sulphuric anhydride being 
removed: 

AgSO* + H 2 0 = AgO -f H 2 SO 4 . 

The accumulation of acid seems to stop the action, as the cautions 
addition of dilute alkali produces a further precipitation. This re¬ 
action-noticed before the nature of the salt was known—was at 
first supposed to he a reducing one, with separation of metallic 
silver, and the behaviour with Jb'ehling’s solution was next observed. 
Here, 011 gently warming, a reddish precipitate separated. This was 
assumed to be cuprous oxide, but was in reality peroxide. Both of 
these peroxides decomposed with evolution of oxygen when they were 
allowed to stand in contact with the liquid. In the case of silver, the 
brown basic hydrate (or oxide) precipitated by alkalis is gradually 
turned black by solution of persulphate. 

With neutral solutions of manganous and cohaltous salts, partial 
precipitation of higher oxides takes place on heating -with persulph¬ 
ate. In the cold, the addition of alkali precipitates the lower oxides; 
hut these immediately darken, forming manganese peroxide and 
cobaltic oxide respectively. 

Solutions of nickel salts behave similarly in presence of alkali, but 
without the latter no precipitation takes place. 
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Ferrous sulphate solution is rapidly oxidised to ferric by persulphate 
solution. The green colour changes to brown, but this becomes much 
paler if acid be then added. It appears as if some basic salt were 
formed when the solution is neutral. With strong solutions, a con¬ 
siderable rise of temperature is noticeable, as is also the case when 
solid persulphate is added to strong ferrous sulphate solution. 

Potassium iodide gives no immediate reaction with persulphate 
solution, but, after some seconds, the liquid becomes pale yellow, 
iodine being liberated. The reaction takes a considerable time before 
it is complete. It proceeds much more quickly, however, if the 
temperature is raised. The addition of dilute sulphuric acid seems 
to have little, if any, effect. 

Organic colouring matters—litmus and turmeric, for example—are 
slowly bleached by a solution of persulphate. This is probably due 
to the action of free persulphuric acid liberated by partial decom¬ 
position. 

Paper and cloth become quite rotten after being dipped in a solu¬ 
tion of persulphate. 

Potassium ferrocyanide becomes readily oxidised to ferricyanide 
when warmed with persulphate solution. 

Alcohol, in presence of water, is oxidised to aldehyde when warmed 
with persulphate. A dilute solution of the latter is, however, some¬ 
what slowly reduced by alcohol, even in presence of acid, and may 
be boiled with it without complete decomposition occurring imme¬ 
diately, as shown by its still liberating iodiue from potassium iodide. 
Solid persulphate is not decomposed by absolute alcohol, in which 
it is insoluble, even on boiling. An attempt to convert benzyl 
alcohol into the aldehyde directly was also unsuccessful, the crystals 
of persulphate being practically unattached at the boiling point of 
the former liquid. 

Experiments peiformed for the purpose of determining the exact 
decomposition temperature gave no satisfactory result, owing to the 
apparent impossibility of getting absolutely pure, dry material. The 
method tried was as follows:—A fine glass tube, similar to those 
used for melting-point determinations, but much longer, was closed 
at one end. Into the bottom of this some finely-powdered persulph¬ 
ate was introduced. The tube was then exhausted, and mercury 
allowed to enter. The small quantity of air remaining separated 
the latter from the persulphate. The tube was then fastened to a 
thermometer, and the whole heated in a bath of sulphuric acid. 
The occurrence of decomposition would be shown by the rapid rise of 
the column of mercury, the motion due to the expansion of the small 
quantity of air being slight, and steady. The evolution of gas began, 
however, to be quite marked a little above 100°; but, even after 
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heating to fully 250°, some persulphate remained undecomposed. It 
is easy to see that the least trace of moisture, or of acid, present in 
the salt would cause this behaviour, and the presence of these it 
seems to be impossible to avoid. 

Potassium persulphate has a cooling, saline taste, but leaves a 
peculiar after-taste, possibly due to persulphuric acid. 

Freshly-purified persulphate emits no odour, but, after being kept 
for some time, a peculiar smell is noticeable on opening the bottle. 
In the ca^e of a not very pure product ozone is evolved slowly. Other 
persulphates, much more soluble m water, and not so easily freed 
from it, as, for instance, the ammonium salt, seem to decompose more 
readily; and here, also, sometimes ozone is evolved, whilst, in other 
cases, the above-mentioned peculiar odour is strongly marked. It 
would seem to be due to persulphuric acid or anhydride. On 
one occasion, when some lead persulphate decomposed suddenly, the 
vapours were very pungent, not resembling ozone in the least, and 
rapidly browned potassium iodide paper held near the salt. With 
the small quantity of substance and the rapid decomposition, it was 
impossible, however, to prove the presence or absence of a sulphur 
compound. Berthelot found that, even at 0°, persulphuric anhydride 
possessed considerable vapour pressure, and can be sublimed without 
decomposition. 

When a solid persulphate is gently warmed with strong nitric or 
sulphuric acid, the oxygen liberated is evolved largely in the form 
of ozone. A similar evolution is also observed during the evapora¬ 
tion of strong solutions on the water-bath. With hydrochloric acid, 
chlorine is obtained in place of oxygen. 

Ammonium Tefnubphaie^ 

This salt is formed in a manner precisely similar to that of the 
potassium salt. The solution for electrolysis was prepared by satur¬ 
ating dilute sulphuric acid (about 1 to 6 by volume) with ammonium 
sulphate. As in the case of the potassium salt, it may be several 
days before persulphate begins to crystallise out, but. after that, the 
separation goes on steadily. Here, also, the nature of the deposit 
varies with each succeeding crop. When, at length, the separation of 
the solid from the mother liquor becomes difficult, it is better, instead 
of simply adding more original solution, to use only abont half of the 
mother liquor, and, after diluting it with water, to saturate with solid 
ammonium sulphate. The early deposits are much more granular 
than with the potassium salt, and it is exceedingly easy to collect 
them. 

Owing to its great solubility, even at low temperatures, the purifi- 
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cation of the salt not so easy as that of the potassium compound. 
It is, in. fact, rather difficult to obtain really pure specimens m quan¬ 
tity, and it does not keep so well as the potassium salt. If a satur¬ 
ated s elution is evaporated in a vacuum at the ordinary temperature, 
long, thin prisms generally separate at first. These have a rhombic 
appearance, and, between crossed "Nmols, show extinctions parallel to 
the axis. If left undisturbed, they grow more rapidly laterally than 
in the other directions, and assume the form of lozenge-shaped, ap¬ 
parently monosymmetric tables, having the plane of symmetry at 
right angles to the original ptism axis. The crystals thus formed 
from solutions of the crude salt are generally large, and quite trans¬ 
parent. When this purer pioducfc is dissolved and recrystallised, the 
crystals obtained are generally large and badly formed, having a 
lamellar structure, which makes them non-transparent. Some of 
these have often the appearance of thick, rhombic prisms. Owing 
to their lamellar structure, they retain mother liquor, and, therefore, 
slowly decompose thronghout their whole extent. To obtain a pure 
specimen, it is best to cool with ice a solution saturated at the ordin¬ 
ary temperature, or slightly higher. The greater part, however, 
remains in solution, and the mother liquor must be afterwards eva¬ 
porated in a vacuum. 

For the analysis of the salt, a weighed quantify was dissolved in 
water, evaporated to dryness, and redissolved. This solution was 
then titrated with standard baryta water to determine the amount of 
free acid. The remainder of the sulphate was then precipitated as 
barium salt, and the whole collected and weighed. The total SO* thus 
found should be double that found by titration. The ammonia was 
also determined. 



Found. 

Calculated. 

NH*. 

.. 15*6 

J5-8 

SO* (total). 

.. 83-9 

84-2 

SO* (by titration)...» 

.. 42-3 

431 


As already stated, the salt is very soluble in cold water, and a very 
considerable fall of tempprature takes place on dissolution. The 
following determinations of the solubility at 0° were made:— 

I. 4*880 grams of solution gave, on evaporation, treating with 
ammonia solution, and drying, 2*085 grams of ammonium 
sulphate, corresponding to 1*71)9 grams of persulphate. 

II. 2*887 grams gave, on heating as above, 1*229 grams of sulphate, 
corresponding to 1*06 of persulphate. 

Therefore, 100 parts of water dissolve, at 0°, (I) 58*4, (2) 58 0, parts 
of ammonium persulphate. 
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The reactions of this salt resemble those of the potassium compound, 
but are often more marked, owing to the greater solubility. 

Considerable quantities have been prepared, as it forms the starting 
point in the preparation of the other persulphates. 

Barium "Persulphate . 

This salt is prepared by treating a saturated solution of ammoniam 
persulphate with barium hydrate. For this purpose it is unnecessary 
to use recrystallised salt, the only impurities being sulphate and free 
acid, which cause no extra trouble. The pure crystallised hydrate is 
added in some excess, as the impurities require more than the same 
weight of persulphate does, and also because decomposition, which 
would liberate acid, takes place during the subsequent operations. 

The mixture of solid and solution is well rubbed up in a mortar, 
and then a rapid stream of air is driven through. The hydrate dis¬ 
places the ammonia, forming persulphate, which dissolves, and the 
sulphuric acid forms insoluble barium sulphate. When the greater 
pait of the liberated ammonia has been driven off, the remainder is 
removed by placing the liquid over sulphuric acid in a vacuum. 
Here it may be left over night, and it will probably be found, next 
morning, that no more ammonia remains, provided enough barium 
hydrate has been employed. The excess of the latter is next removed 
by passing in a stream of carbonic anhydride, the bicai bonate formed 
being subsequently decomposed by again placing it in a vacuum for 
a short time. The solution, which now contains pure barium per¬ 
sulphate, is filtered off from the sulphate and carbonate and 
evaporated in a vacuum, but during this operation decomposition 
takes place, sulphate separating out and persulphuric acid becoming 
liberated; so that if the concentration takes a considerable time, it is 
advisable to occasionally neutralise with barium hydrate solution. 
As soon as crystallisation commences, the evaporation is discontinued, 
and the salt which has separated is redis&olved in the minimum 
quantity of water. The neutral solution, after filtering, is then cooled 
by means of ice until no more crystals are obtained. The salt is thus 
obtained in beautiful, small prisms, which are collected and dried 
on porous plates or between filtering paper. The mother liquor 
is again concentrated in a vacuum. The salt prepared in this way is 
quite pure, and keeps better than when the crystals are obtained 
directly by evaporation of the solution. In the latter case, large, inter¬ 
locking prisms are, as a rule, produced. These are transparent and 
hard, and generally deeply striated, so that it is difficult to make out 
their form, but those which are at all distinct have a monosymmetric 
appearance. The minute crystals obtained by cooling the solution 
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also appear monoclinic when examined under the microscope, but 
between crossed Nicols show extinctions always parallel, or nearly so, 
to the prism axis. Sometimes, on evaporating in a vacuum, rosettes, 
in which the prisms radiate from a common centre, are obtained, as if 
crystallisation had taken place in a supersaturated solution. 

The formula of the salt is Ba(S0*) 2 ,4H 3 0. In two different speci¬ 
mens the sulphate left on ignition was determined. In another, the 
percentage of barium was got from the amount of sulphate deposited 
on boiling the solution; the total SO* was then obtained by precipi¬ 
tating the filtrate with barium nitrate and adding the sulphate thus 
formed to the previous portion. 

Found. 

£ II. Calculated. 

BaSO* (on ignition)...* 58*0 58*2 58*10 



Found. 

Calculated. 

Ba. 

... 83-7 

34-16 

SO. (total)....... 

.... 48-3 

47-88 

H»0 (by diff.). 

... 180 

17-96 


The last specimen has apparently been contaminated with some 
undecomposed ammonium salt. 

In the conrse of a few days, the crystals gradually become milky 
from separation of sulphate; this change commences externally, and 
quickly spreads throughout the entire crystal, which crumbles to pieces, 
forming a moist, powdery mass. When once decomposition has fairly 
set in, it proceeds rapidly until all the barium exists as sulphate, but 
after this, the persnlphuric acid which remains prodnees free sulphuric 
acid by its decomposition, and in presence of the latter the persulph- 
uric acid is much more slowly decomposed, so that traces of it may 
still be present even after some weeks. Decomposition soon begins 
if the salt is kept in a dry atmosphere, so that attempts to prepare a 
less hydrated salt by placing it over sulphuric acid in a vacuum were 
fruitless. To preserve the crystals as long as possible, it was found 
best to keep them in an atmosphere which was always moist, wet 
filter paper being placed in the Bame vessel, but not in contact with 
the crystals. The salt itself is apparently not at all deliquescent. 

Barium persulphate is very soluble in cold water. A single deter¬ 
mination of the solubility at 0° was made, with the following result:— 

5*598 grams of solution gave, on evaporation and ignition, 1*115 
grams of barium sulphate, corresponding to 1*574 grams of an¬ 
hydrous persulphate or 1*919 grams of crystallised salt. There¬ 
fore, 100 parts of water at 0° dissolve 39*1 parts of the former or 
52*2 parts of the latter. 
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A control experiment was not peiformed, owing to the small quan¬ 
tity of material available at the time. The numbers will, however, 
give at least a fair approximation to the value. From the quantity of 
salt which crystallised out on cooling the solution, which was satu¬ 
rated at about 15°, it is evident that the solubility is very much 
higher at the latter temperature. 

The salt evidently forms supersaturated solutions somewhat readily 
on evaporation in a vacuum. If a few drops of solution, placed on a 
slip of glass, be so treated, a gummy mass is obtained, which, when 
touched, slowly crystallises. Alinute needles grow out radially from a 
common centre, foiming fine rosettes, each of which shows a dark 
cross when viewed in polarised light. Pure solutions decompose 
gradually, somewhat slowly at first, when allowed to stand at the 
ordinary temperature. If a fairly dilute solution is heated, it generally 
remains clear till near the boiling point, when sulphate rapidly pre¬ 
cipitates. It requires rather pmlonged boiling, however, to destroy 
the last traces of persulphuric acid. 

The behaviour of alcohol towards the salt is somewhat peculiar. 
If a few drops be added to an aqueous solution, it seems to accelerate 
the decomposition. It therefore seemed probable that the solid also 
would be decomposed when treated with alcohol. It was found, how¬ 
ever, that the finely-powdered crystals diss fived in absolute alcohol, 
yielding a clear solution. This, when allowed to stand, slowly de¬ 
posited a white solid; the action taking place rapidly when the solution 
was boiled. The solid was presumably barium sulphate, but, on 
adding water, it redissolved entirely, and this solution then slowly 
deposited sulphate. The persulphate was, therefore, not decomposed, 
but probably only dehydrated by the alcohol. This was found to be 
the case, as some of the dried deposit, when ignited, gave 65*39 per 
cent, of sulphate. The behaviour of a saturated aqueous solution, 
when treated with a large excess of alcohol, was then examined, when 
it was found that a similar product could be obtained. The liquid 
remained clear at first, but, on warming, a bulky precipitate separated. 
It was necessary to take several times as much absolute alcohol as 
solution, otherwise decomposition rapidly took place, free oxygen 
escaping, though aldehyde was also formed. In this case the product 
gave less sulphate on ignition—only 64*66 per cent.—and, on examin¬ 
ing some under the microscope, crystals of the fully hydrated salt 
were noticed. These had, however, a a weathered ” appearance, 
having apparently been externally dehydrated by the alcohol. The 
percentage of snlphate calculated for the formula Ba(S0 4 ) 2 ,H a 0 is 
67*15, and for Ba(S0 4 ) 2 ,2H 3 0 is 63 84, so that, in the case of each 
product, the quantity of sulphate found showed that 1 mol. H 2 0, at 
most, was present in the compound. It was fouhd that during the 



782 


MARSHALL: THE PERSULPHATES. 


evaporation of the alc'ohol wetting it, the dehydrated salt again took 
np any water that might be present, and this fact might explain the 
percentage of water in the first case being higher than that required 
for a monohydrate. As it was possible, however, that the pure com¬ 
pound was really anhydrous, it was necessary to obtain a product 
which had no opportunity of re-forming the original salt. For this 
pnrpose some finely-powdered crystals were digested during several 
days with successive portions of cold absolute alcohol. The last por¬ 
tion of alcohol was then removed by pure ether dried over sodium ; 
the greater part of the etber was then removed by decantation and 
the remainder by means of a current of dry air. A weighed portion 
of the residue gave, on ignition, 67*4 per cent, of sulphate. A mono¬ 
hydrate, as noted above, should yield only 67*15 per cent., hut it was 
found that there was a small quantity of sulphate in the persulphate, 
as a portion, when dissolved in water, left a minute trace of insoluble 
matter. On endeavouring to further dehydrate a portion, by leaving 
it over sulphuric acid in a vacuum, decomposition rapidly ensued. 
There seems little doubt, therefore, that the compound obtained in 
this way has the formula BafSO^HnO. It is interesting to note that 
barium perchlorate crystallises with 4 mols. H 3 0. Of these, three can 
bo easily removed, but the last cannot be abstracted without complete 
decomposition of the salt. The crystalline perchlorate is likewise 
soluble in alcohol. 

The alcohol with which the persulphate was digested was tested, 
and found to contain no barium, so that the monohydrated salt is 
quite insoluble in absolute alcohol. On the addition of potassium 
iodide to the alcoholic liquid, iodine was liberated, so that the per- 
sulphuric acid, formed by the decomposition of tbe small quantity 
of the persulphate which also yielded tbe barium sulphate found in 
the solid product, had apparently dissolved without being decom¬ 
posed by the alcohol. 

Solid barium persulphate is very readily decomposed by beat, 
gentle wanning being sufficient. In the case of the monohydrated 
salt, a slight cloud is formed at the moment of decomposition, but 
only at a much higher temperature are acid vapours freely evolved. 
The quantity of water is just sufficient to form pure sulphuric acid, 

2 Ba(S 04 ) s ,H 2 0 = 2BaSOj, + 2 H 2 SO 4 + O 3 , 

and this, of course, even at the comparatively low temperature of 
decomposition, gives up a part of its sulphuric anhydride. 

Lead Persulphate. 

The comparative ease with which pure barium persulphate can be 
obtained is dne to the insolubility of the sulphate, and as lead sulphate 
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is also insoluble, the preparation of lead persulphate was next 
attempted. Owing, however, to the insolubility of the oxide and 
hydrate, as well as to other causes, this is a much more difficult 
matter. If oxide of lead is rubbed up in a mortar with a saturated 
solution of ammonium persulphate, considerable quantities of ammonia 
are liberated, but in a short time the mixture darkens from formation 
of peroxide of lead, and on treating with water and filtering, no 
soluble salt of lead is found in solution. It seemed, therefore, that 
the only practical method of obtaining the salt was to decompose a 
strong solution of barium persulphate with a slight excess of sulph¬ 
uric acid in the cold, and then to neutralise the liquid with lead carb¬ 
onate ; this was tried and found to answer. The acid solution was 
not filtered off from the barium sulphate, the lead carbonate being 
simply added directly to the cold mixture. Brisk effervescence took 
place, but after this was over the liquid still had a marked acid reac¬ 
tion. This did not disappear if the mixture was left for a consider¬ 
able time, and before very long darkening commenced from formation 
of the peroxide. The solution, which was found to contain a large 
quantity of the persulphate, was therefore filtered off and placed over 
sulphuric acid in a vacuum. The evaporation took a considerable 
time, and during the process lead sulphate separated out continuously; 
this was removed frequently by filtration. Owing to the decomposi¬ 
tion, the liquid became more and more acid. Some barium hydrate 
solution was therefore added on one occasion, but not sufficient for 
complete neutralisation. It was expected that the barium would all 
be removed as sulphate by subsequent decomposition. Next morning 
the bottom of the dish was covered with a firm, coherent deposit, con¬ 
sisting of a mixture of barium sulphate and lead peroxide. Lead per¬ 
sulphate in strong solution would therefore appear to resemble the 
silver salt, requiring the presence of free acid to prevent deposition 
of peroxide. Ultimately a solid mass was obtained. This had a 
pearly lustre, but, though crystalline, no distinct form was observ¬ 
able. It was removed, quickly powdered, and then pressed between 
filter paper to remove as far as possible tbe small quantity of adher¬ 
ing liquid. The salt began to deliquesce, however, and was again 
placed in a desiccator over sulphuric acid. Here it was kept under 
diminished pressure for some hours, when it was found to have formed 
a firm, dry cake. It contained a small quantity of admixed sulphate, 
as shown by treating some with water, when a small residue remained. 
Free persnlphnric acid was also present. A portion of the product 
was weighed out for the determination of the total lead sulphate and 
sulphuric acid obtained on decomposing the salt by evaporation of its 
solution. It was intended to estimate, subsequently, the ready- 
formed sulphate on a larger portion, and to make a direct determina- 
VOL. LIX. 3 I 
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tion of fhe water. Unfortunately, however, the remainder of the 
salt suddenly began to decompose with great rapidity, evolving 
pungent Aimes which browned potassium iodide paper. The propor¬ 
tion of impurity could, therefore, not be determined. The analysis 
stated below can, consequently, give only an approximation to the 
composition of the salt, which at present remains doubtful. 




Calculated for 

Fb. 

Found. 

46-3 

'pb(S0 4 )2,2H 2 0. 
47 6 

Pb(S0 4 ) s ,3Hj0'. 

45*7 

S0 4 . 

43-5 

44-1 

42*4 

HaO (by diff.) 

10-2 

8-3 

11-9 


Allowing for the presence of other substances, the second formula 
appears the more probable. If correct, this would make the per¬ 
sulphate agree with the perchlorate, which crystallises with 3 mols. 
E*0. 

As already mentioned, the salt is very soluble in water, and deli¬ 
quesces in a moist atmosphere. A solution gives, with alkalis, a 
white precipitate of hydrate which is rapidly oxidised to peroxide. 
Owing to the decomposition of the material, no other properties could 
be examined. 


Other Fersulpkates. 

The zinc salt was prepared in solution by double decomposition 
between zinc sulphate and barium persulphate in the proper propor¬ 
tions. On evaporating the filtered liquid over sulphuric acid in a 
vacuum, a mass of minute needles was obtained. This deliquesced 
on exposure to air, but contained a large proportion of sulphate 
mixed with the persulphate, and the two could not be separated with 
the comparatively small quantity of material to hand, on account of 
the great solubility of the sulphate and the continual decomposition. 

A similar attempt to prepare the copper salt was made, but with 
no more satisfactory results. In this case, also, there was decomposi¬ 
tion with formation of a considerable quantity of sulphate and free 
acid. Some barium carbonate was added in the hope that, by 
neutralising the acid (forming ultimately barium sulphate) it would 
decrease the rate of decomposition. The experiment was not suc¬ 
cessful, as double decomposition gradually took place, and, next 
morning, the barium was iu solution as persulphate, and copper carb¬ 
onate was deposited. A small quantity of solution of the copper salt 
•was evaporated to dryness, and gave a blue, crystalline solid contain¬ 
ing sulphate and persulphate; it deliquesced on removal from the 
desiccator. 
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Attempts to prepare sodium, lithium, and magnesium persulphates 
directly by electrolysis proved unsuccessful. In the case of the first 
two this seems to he due to the great solubility of the persulphates, 
as, in each case, the liquid was very highly oxidised; but the only 
salts which separated were normal and acid sulphates, which are, 
evidently, less soluble in the strongly acid liquid. 

In the case of magnesium, a white, muddy deposit, which consisted 
of dehydrated sulphate, was obtained, but no trace of persulphate 
was observable. The mother liquor, also, did not seem to be very 
much oxidised; so that it is possible that magnesium persulphate 
cannot be prepared, even in solution, in this way. 

The preparation in a pure state of such exceedingly soluble salts, 
where the sulphates also dissolve so readily in water, will, apparently, 
be a matter attended with some difficulty, and require working on a 
comparatively large scale. As the barium salt cannot be kept for 
more than a few days, it is necessary to prepare it as wanted. 

Apart from the interest attaching to the salts themselves, the pre¬ 
paration of pure persulphates in a solid, crystalline form is of con¬ 
siderable theoretical interest and importance. It conclusively proves 
the correctness of Berthelot’s views as to the composition and nature 
of the “ persulphuric anhydride ” and “ persulphuric acid ” prepared 
by him; that they are, in fact, entitled to the names which he gave 
them, and cannot he considered as peroxides, as held by Mendel^eff. 
The fact of the occurrence of a salt-forming oxide of sulphur having 
the formula S 2 0 7 shows that we cannot adopt the rule as to the 
highest salt-forming oxide of an element which was previously sup¬ 
posed to exist as a deduction from the periodic law. Persulphuric 
acid can no more be classed as a peroxide than perchloric acid can. 
In fact, although the persulphates would seem not to be isomorphous 
with the perchlorates, they exhibit many close resemblances with 
them, in the matter of solubility, for instance, 

Berthelot, in his last paper (loc. eit .), has already disposed of Moritz 
Traube’s theory as to the formation of neutral “ sulphur holoxide,” 
SO*, during the electrolysis of strong sulphuric acid solution. The 
only result given by the latter which points to the possibility of such 
a substance being present in the oxidised liquid, is that showing the 
ratio of oxidising power to sulphuric acid formed on decomposition, 
the sulphuric acid previously present having been removed by means 
of barium phosphate. As Berthelot points out, the amount of extra 
oxygen found might partially be due to the presence of peroxide of 
hydrogen. In is also possible that the solution was not completely 
decomposed on boiling, a result which seems not so highly improbable 
after the experiences with persulphate solutions already noted in this 

3 1 2 
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paper. All the other results stated by Traube agree perfectly on the 
assumption that persnlphnrie acid, RS0 4 , is formed. 

I hope, before loDg, to make a farther commanication to the Society 
on the subject of persulphates. Meanwhile, other salts—selenates, 
tellurates, nitrates, &o .—are being examined with a view to determin¬ 
ing whether they, also, may not give more highly oxidised products 
when their solutions are electrolysed in a divided cell. 

University of Edinburgh , 

August, 1891. 


LXXY.—CONTRIBUTION’S FROM THE LABORATORIES OF 
THE HERIOT WATT COLLEGE, EDINBURGH. 

Acetylcarbinol. 

By W. H. Perkin, Jun., Ph.D., F.R.S. 

ALfHOUGH several members of the series of ketone alcohols have been 
isolated and described, it is surprising, in view of the great interest 
attaching to these compounds, that the first member of the series, 
acetylcarbinol (acetol, acetone alcohol), CH 3 *CO*CH 2 *OH, has hitherto 
been obtained only in aqueous solution. 

In this form it has been obtained by the following reactions:— 

1. When a-chlorallyl alcohol, CH 2 :C01-CH 3 *0H, is dissolved in 
concentrated sulphuric acid, and the product distilled in a current of 
steam, a dilute aqueous solution of acetylcarbinol passes over (Henry, 
BL , 39, 526). 

2. When caustic potash is added to fused cane sugar or grape 
sugar in a retort, an aqueous distillate is obtained which contains 
acetylcarbinol (Emmerling and Lodges, Ber,, 16, 837). 

3. When monobromacetone, CH 2 Br*COCH 3 , is treated in aqueous 
solution with silver oxide, acetylcarbinol is formed. By the action of 
potassium carbonate on monobromacetone, Emmerling and Wagner 
(Annuletiy 204, 40) obtained a sweet substance, which was very 
soluble in water, reduced Fehling’s solution, and which these authors 
supposed to he acetylcarbinol. 

I have carefully repeated this latter experiment under very varied 
conditions, but, although I obtained a substance closely resembling 
the product described by Emmerling and Wagner, it was, certainly, 
not acetylcarbinol, as it did not distil without decomposition, on 
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analysis, numbers were obtained which differed widely from those 
required by the formula CH 3 *C(>CH 2 *OH. 

Although acetylcarbinol itself has not been isolated, derivatives of 
this alcohol are well known ; thus alkyl ethers of acetylcarbinol have 
been prepared from the corresponding propargyl compounds (Henry, 
J <, 1881, 506) by hydration by means of mercuric bromide, 
thus:— 


0H:C-CH 2 , 0 C 2 H 5 4- H s O = OHs-CO-CH^OCaHs; 

and acetylcarbinyl acetate, CHa'COCHs'O^HsO, was long ago pre¬ 
pared by the same chemist (Her., 5, 966), and by Zincke and Brener 
(Her., 13, 638), by digesting monochloracetone with potassium acetate 
in alcoholic solution: 

CH 3 -C0-CH 3 C1 + CH 3 -COOK = CH 3 *C0*CH 3 -0-C 3 H*0 + KOI. 

Latterly, Laubmann ( Annalm , 243, 244—248) has shown that 
solutions of acetylcarbinol, when treated with phenylhydrazine, yield 
an oily hydrazine compound, which, when heated with excess of the 
reagent, is converted into acetolosazone, 

CH 3 -C(K 2 H-0 6 H 5 )-0H(]sr 2 H*0 a H 5 ). 

The formation of this substance, which is identical with the phenyl* 
hydrazine compound of methylglyoxal, CH 3 *COCOH (v. Pechmann, 
Her., 20, 2543), proved conclusively the presence of acetylcarbinol 
in these solutions. 

The difficulty experienced in obtaining acetylcarbinol by the hydro¬ 
lysis of any of its compounds is due, in the first place, to the readi¬ 
ness with which it undergoes change when treated with reagents; 
and, secondly, to its extreme solubility in water, which renders ex¬ 
traction with ether or other solvents almost impossible, even in the 
case of moderately strong solutions. 

In the course of a long series of experiments on the isolation of 
acetylcarbinol, extending over a number of years, it occurred to me 
that if chloracetone was boiled with water and some substance, such 
as barium carbonate, which, while capable of exercising a hydrolytic 
action, would, on account of its insolubility in water, be incapable of 
further action on the acetylcarbinol formed, very strong solutions of 
acetylcarbinol might be prepared from which the alcohol could be 
isolated by extraction with ether, thus:— 

2CH*-C0-CH 3 C1 + BaCOs + H 3 0 = 2CH 3 -COCH 3 -OH + BaCl* 

+ C0 3 . 

This method was investigated by Dr. J. B. Tingle and myself, and 
small quantities of acetylcarbinol were actually obtained in this way; 
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but the yield was so small, and the isolation of the product so tedious, 
that at that time no further experiments were made on the subject. 

On resuming the investigation, it was discovered that the hydrolysis 
of acetylcarbinyl acetate by means of water and barium carbonate 
took place much more readily than that of chloracetone, and, further, 
that dilute solutions of acetylcarbinol could be concentrated by 
distillation; taking advantage of these two facts, a method was de¬ 
vised by which large quantities of acetylcarbinol can be obtained in a 
comparatively short space of time. 

This method, which is described in detail in this paper, is briefly 
as follows:—Acetylcarbinyl acetate is boiled in aqueous solution 
with barium carbonate until completely hydrolysed, the resulting 
product freed from barium acetate by distillation under reduced pres¬ 
sure, and the strong aqueous solution of acetylcarbinol thus obtained 
separated from the bulk of the water by careful fractionation. In 
this way nearly the whole of the water may be removed, and the 
resulting 90 per cent, acetylcarbinol, after drying over anhydrous 
sodium sulphate, and distillation under reduced pressure, can be readily 
obtained pure. 

Acetylcarbinol is a peculiarly smelling, colourless oil which boils 
at 147°, and solidifies at low temperatures; it is miscible in all pro¬ 
portions with water; it reduces ammoniacal solution of nitrate of 
silver and Fehling’s solution in the cold; sodium amalgam converts 
it quantitatively into methyl glycol:— 

CHyCO-CHs-OH + H s = CH 3 -CH(OH)-CH 3 -OH. 

I hope at a future date to communicate to the Society the results 
of further experiments on this interesting substance. 

Acetylcarbinyl Acetate , CH3-C0'CH a *0‘C 3 H 3 O. 

This substance has already been prepared by Henry (Ber., 5, 966), 
and by Zincke and Brener (Ber., 13, 638); it is readily produced by 
digesting monochloracetone with potassium acetate in alcoholic solu¬ 
tion: 

CHvCOOK -b CH 3 -COCH 2 Cl = CH3-C0-CH 3 -0-C 3 H 3 0 + KC1. 

In preparing large quantities of acetylcarbinyl acetate, the method 
employed was that recommended by Zincke and Breuer, but slightly 
modified, in order to produce as large a yield as possible. 

. 200 grams of pure, dry potassium acetate was mixed with about 
twice its weight of absolute alcohol, 186 grams of monochloracetone 
added, and the mixture heated on a water-bath in a fl ask connected 
with a reflux apparatus for two hours. After standing for 12 hours. 
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the product was separated from the precipitated potassium chloride 
by filtration on a filter-pump, the residue washed two or three times 
with small quantities of absolute alcohol, and the dark-coloured 
alcoholic liquors slowly distilled until the greater bulk of the alcohol 
had been removed; it was then rapidly distilled, under a pressure of 
150 mm., from a strong, round-bottomed flask, heated by means of an 
oil-bath, until no more oily drops passed over. This method is far 
preferable to that recommended by Zincke and Breuer, namely, 
mixing the residue with water after distilling off: the alcohol, and 
extracting with ether, as the acetate is not only miscible with water 
and difficult to extract by ether, but it is also, to a considerable extent, 
decomposed by solution in water, and great loss, therefore, occurs. 

The crude acetylcarbinyl acetate, obtained by the above method, i& 
readily purified by fractional distillation, first under reduced pressure, 
and then at the ordinary pressure. 

Pure acetylcarbinyl acetate boils at 174—175° under a pressure of 
760 mm ., and at 137—138° under a pressure of 230 mm. Two specially 
purified preparations gave, on analysis, the following numbers:— 

I. 0T540 gram substance gave 0*0972 gram H 2 0 and 0 2913 
gram C0 3 . 

II. 0*2402 gram substance gave 0*1473 gram H 2 0 and 0*4538 
gram CO* 


C 

H 

O 


Theory. 

CgBgOj. 

51*72 per cent. 
6*90 
41*38 



If the materials used in the above method of preparation are care¬ 
fully dried, and precautions are taken to exclude moisture in the sub¬ 
sequent purification of the crude product, the yield obtained is about 
80—85 per cent, of the theoretical; and this yield may be still further 
improved by using the alcohol from one operation for a subsequent 
preparation, as the small quantities of the acetate which always distil 
over with the alcohol may in this way be recovered. 

Acetylcarbinyl acetate is a colourless, limpid liquid possessing a 
peculiar, sickly odour; it is miscible with water, and to some extent 
decomposed by it; the aqueous solution, on standing, acquires a very 
acid reaction. The density and magnetic rotation of this substance 
were determined by W. H. Perkin, sen., with the following re¬ 
sults :— 

Density:—d 4°/4°=1*0912; d 10°/10° = 1*0849; dl5°/15° =1*0803; 
d 20720 0 = 1*0760; d 25°/25° = 1*0719. 






790 


W. H. PERKIN, JUN.: AOETYLCARBINOIi. 
Magnetic Rotation. 


t. 

Sp. rotation. 

MoL rotation. 

15*2° 

0*9091 

5*424 

13*2 

0*9150 

5*458 

13 *0 

0*9091 

5*418 

13 *0 

0*9076 

5*409 

13*0 

0*9091 

5*418 

13*5 

0*9091 

5*416 

13*0 

0*9137 

5*440 

13*0 

0*9113 

5*426 

Average •• 13*4 

0*9105 

5*426 


The theoretical magnetic rotation of acetylearbinyl acetate may be 
calculated thus:— 

Acetylearbinyl acetate results from the substitution of one of the 
hydrogen atoms in acetone by the group CH 3 *COO. 

The value of this group replacing an atom of hydrogen may be 
deduced as follows:— 


I. Magnetic rotation of octyl acetate . 10*601 

Magnetic rotation of octane (cal.). . 8*692 


Difference = Magnetic rotation of the group 1 i.gnq 
CHs'COO, replacing hydrogen J 


II. Magnetic rotation of propyl acetate. 5*487 

Magnetic rotation of propane (cal.) .. 8*577 


Difference = Magnetic rotation of the group") ,.q, ^ 
CHg'COO, replacing hydrogen J 

If now we add this value to the magnetic rotation of acetone 
= 3*514, we obtain 5*424 as the theoretical magnetic rotation of acetyl- 
carbinyl acetate, a number which agrees very closely with that 
actually found, namely, 5*426. 


Acetylcarbinol, CH 3 *CO*CH 2 *OH. 

In order to prepare acetylcarbinol from its acetate, numerous 
experiments were made with various hydrolysing agents under the 
most varied conditions, but it was soon discovered that most of these 
were worthless, on account of their decomposing action on the acetyl¬ 
carbinol produced. 

The best results were obtained with moist barium carbonate, a nd 
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ultimately the following method, which I give in detail, was adopted 
as giving a very satisfactory yield of the ketone alcohol:— 

160 grams of pure acetylcarbinyl acetate is dissolved in 300 c.c. of 
water, heated to boiling in a round-bottomed flask connected with a 
reflux apparatus, and pure, dry barium carbonate added, advantage¬ 
ously in the form of small pellets, in such a way that no further addi¬ 
tion is made until the previous pellet has entirely dissolved. At the 
end of about three hours the reaction is complete, as is shown by the 
fact that the addition of a small quantity of barium carbonate to 
the boiling liquid causes no further evolution of carbonic anhydride. 
The product is filtered from any trace of undissolved barium carbon¬ 
ate, and distilled as rapidly as possible, under a pressure of 100 mm., 
from a round-bottomed flask, heated by means of a paraffin-bath, 
until no more liquid passes over, but care must be taken not to raise 
the temperature of the bath unnecessarily high, otherwise the residue 
in the flask, which still contains a considerable quantity of acetyl- 
carbinol, and the treatment of which is described below, is apt to 
be decomposed. 

The colourless distillate, which measures about 350 c.c., when tested 
with Fehling’s solution, as described on p. 794, is found to contain 
about 15 per cent, of acetylcarbinol, or about 51 grams in all. 

The residue in the distilling flask is dissolved in a little water and 
distilled in a rapid current of steam, the paraffin-bath being kept at 
about 120°. 

^ The following table may serve as an example of the distillates col¬ 
lected, and the amount of acetylcarbinol contained in each as deter¬ 
mined by titration:— 



Distillate 

collected. 

Folding's solution 
reduced by 2 c.c. 

Percentage of 
acetylcarbinol. 

Total amoupt of 
acetylcarbinol. 

I.. 

150 c.c. 

38 *5 c.c. 

11 "5 

17 *2 grams. 

II.. 


25-3 „ 

7-6 

7-9 „ 

Ill 


19-6 „ 

6*0 

6*0 „ 

IT .. 


11-o„ 

3-3 

9-2 „ 

T .. 

210 „ 

5-5 „ 

1*7 

3'6 ,, 




Total 

.. 48'8 grams. 


The total amount of acetylcarbinol obtained from 160 grams of 
acetylcarbinyl acetate was therefore approximately 94 grams, whereas 
theoretically it should have been 103 grams; the hydrolysis by means 
of moist barium carbonate may therefore be considered as nearly 
quantitative. 

In preparing large quantities of acetylcarbinol, the treatment of 
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the aqueous solutions obtained as described above was approximately 
as follows:— 

All tbe solutions containing from 6—7 per cent* of acetylcarbinol 
were first very slowly distilled from a large, round-bottomed fiask 
fitted witb a very long colonna, until tbe residue on titration was 
found to contain from 9 to 10 per cent, of tbe ketone alcohol. This 
residue was then mixed with other solutions of tbe same strength 
and the concentration continued until ultimately a residue was 
obtained which contains over 90 per cent, of acetylcarbinol. 

In one series of experiments, in which 1 kilo, of pure acetylcarbinyl 
acetate was employed, the concentration of the aqueous solutions took 
about 14 days, and upwards of 450 grams of 90—95 per cent, acetyl¬ 
carbinol was obtained, together with large quantities of weak solu¬ 
tions. These weak solutions, when they contain less than 5 per cent, 
of acetylcarbinol, are best employed, instead of water, in decomposing 
fresh quantities of acetylcarbinyl acetate, as their concentration is not 
profitable. 

In order to prepare pure acetylcarbinol, the 90—95 per cent, pro¬ 
duct is dissolved in pure ether, the ethereal solution allowed to stand 
over anhydrous sodium sulphate for 24 hours, filtered, the ether 
slowly distilled off, and the residue fractioned under reduced pressure. 
Almost the whole passes over between 90° and 105% under a pressure 
of 150 mm., at the first distillation, leaving, however, always a small 
residue in the retort, and on repeated fractionation pure acetyl- 
carbinol is readily obtained boiling constantly at 96—97° (150 mm.). 

The following results were obtained on analysis 


L 0*1383 gram substance gave 0*1026 gram H^O and 0*2460 
gram C0 2 

II* 0*2081 gram substance gave 0*1539 gram H 2 0 and 0*3690 
gram C0 2 . 

III. 0*1614 gram substance gave 0*1180 gram H 2 0 and 0*2890 

gram C0 2 . 

IV. 0*1890 gram substance gave 0*1390 gram H 2 0 and 0*3400 

gram CO* 

V. 0*1700 gram substance gave 0*1244 gram H s O and 0*3050 
gram CO s . 

Pound. 

- * 

n. in. iv. t. 

O. 48-65 p. c. 48-51 48‘36 48-83 49-05 48-93 p. c. 

H. 8-10 „ 8-24 8-21 812 8-17 813 „ 

O. 43-24 „ 43*25 43-43 43-05 42-78 42-94 „ 

The -vapour density of this substance, determined by Hofmann’s 
method in toluene vapour, gave the following results :■— 
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Theory. 

C3H0O2 

D. 37*0 


Pound. 


I~ 

34-0 


”n. 

34-5 


The molecular weight of acetylcarbinol was also determined by 
Raoult’s methodising acetic acid as the solvent; the results obtained 


were the following:— 

Substance taken. 0*7660 gram. 

Acetic acid. 54*427 „ 

Depression of melting point .. 0*654°. 

Molecular weight of substance found from the above data.. 85 

Theory for CsHeOs.. .. 74 


Acetylcarbinol is a colourless oil of a faint, sickly odour closely 
resembling that of the acetate; it boils constantly at 105—106° under 
a pressure of 200 mm. with very slight decomposition, and at about 
147 c under the ordinary pressure, but in the latter case not without 
decomposition, as a residue of high boiling point is always left in the 
retort. This residue, which probably coutains condensation products 
of acetylcarbinol, on long standing, deposits crystals which have not 
yet been examined. 

In a freezing mixture of powdered ice and hydrochloric acid, acetyl¬ 
carbinol becomes quite thick, like glycerol, and on one occasion the 
substance solidified to a hard, crystalline mass. 

It mixes with water, alcohol, and ether in all proportions, but is 
not precipitated from its aqueous solution by potassium carbonate, 
as is the case with solutions of acetopropyl alcohol and aeetobutyl 
alcohol. The aqueous solution reduces ammoniacal silver solution 
and Fehling’s solution in the cold; in the latter case the copper solu¬ 
tion often remains unaltered for some seconds after mixing with 
the acetylcarbinol solution, particularly when this is weak, and then 
all at once reduction sets in. In some quantitative experiments it 
was found that 0*1 gram of acetylcarbinol dissolved in 50 c.c. of dis¬ 
tilled water reduced about 16*5—16*6 c.c. of Fehling’s solution (1 c.c. 
contains 0*03464 gram CuS0 4 ,5Aq = 0*005 gram grape sugar), but it 
is extremely difficult to accurately detect the end point of the reac¬ 
tion, as the solution becomes slightly yellowish during the reduction. 
According to Zincke ( Ber ., 13, 2344), lactic acid is formed during 
this decomposition, thus :— 

CEt-CO-CHa-OH + O = GBt*OH(OH)*COOH 5 

and the amount of Fehling’s solution reduced in the above experi¬ 
ments gives approximately 1 atom of oxygen to 1 mol. of acetyl- 
carbinoL 
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Pehling’s solution may, therefore, he used as a valuable test of the 
strength of aqueous acetylcarbinol solutions, and for this purpose 
about 2 c.c. of a weak solution (to 10 per cent.), or 1 c.c. of a 
stronger solution, is diluted with 50 c.c. of water, heated to about 80°, 
and Fehling’s solution run in, as in the estimation of sugar, using, 
however, a flask instead of a porcelain dish, to avoid evaporation; 
the strength of the solution may then be roughly calculated from the 
data given above. 

The determination of the density and magnetic rotation of acetyl¬ 
carbinol was undertaken by W. H. Perkin, senr., and the following 
are the results of his experiments. 

Density d4 0 /4°==1*0904; d 15 o /l5°==l*07915; <Z25 0 /25 0 =1*07069. 


Magnetic Botation. 


i. 

Sp. rotation. 

Mol. rotation. 

15-5° 

0-9571 

8-647 


0-9595 

3*656 

JJ 

0*9650 

3*640 

)) 

0*9624 

3*668 

79 

0*9543 

3*637 

9» 

0*9580 

3*651 

1- 

Average .. 15*5 

1 0-9577 

3*650 


The magnetic rotation of acetylcarbinol maybe calculated from 
that of methyl alcohol by adding the value of the acetyl group replac¬ 
ing hydrogen This latter value may readily be obtained thus:— 


Magnetic rotation of ethyl acetoacetate .. 6*501 

„ „ ethyl acetate.. 4*462 


Difference = Value of the acetyl group replacing 1 o.quq 
hydrogen / 


The magnetic rotation of methyl alcohol is 1*640, and this added 
to 2*039 gives 3*679 as the magnetic rotation of acetylcarbinol, a 
number which agrees well with that actually found, namely, 3*650. 


j "Preparation of Acetylcarbinol from Monochloracetone. 

The first sample of acetylcarbinol obtained was prepared by Dr. J. 
B. Tingle and myself (Proc., 73, 156) from monochloracetone by 
hydrolysis with water and precipitated barium carbonate; the follow¬ 
ing is an outline of the process adopted:— 
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25 grams of monochloracetone is slowly added from a dropping 
funnel to 200 c.c. of water containing an excess of frashly-precipitated 
barium carbonate in suspension, the whole being vigorously boiled 
during the operation. As soon as the monochloracetone has dissolved, 
and the evolution of carbonic anhydride has practically ceased, the 
liquid is filtered, and the resulting, almost colourless solution dis¬ 
tilled. 

The distillate is again treated with chloracetone and barium 
carbonate, and again distilled, the operation being repeated until 
150 grams of chloracetone has been decomposed. The resulting 
moderately concentrated solution of acetyl carhinol is saturated with 
potassium carbonate, and extracted at least 50 times with pure ether. 
The ethereal solution is thoroughly dried over ignited potassium 
carbonate, and is then slowly evaporated; a colourless oil remains, 
the greater part of which, on distillation, passes over between 
140° and 150°. On refractioning, a considerable quantity was obtained, 
boiling at 145—150°, which gave, on analysis, numbers agreeing with 
the formula CH 3 *CO*CH 2 -OH:— 

0*1546 gram substance gave 0*1160 gram H a O and 0*2766 gram 


C0 2 . 

Theory. 

C 3 H 6 0>. Found. 

C. 48*65 per cent. 48*73 per cent. 

H. 8*10 „ 8*38 

0 . 43*24 „ 42*94 


The vapour density of this product was determined by Hofmann’s 
method in xylene vapour, with the following results:— 

Found. 

Theory. t — * 

C 3 H 6 0 2 . I. II. 

D. 37 35 34 

The amount of acetylearbinol obtained by this method was very 
small, but the yield could no doubt be much improved by concentrat¬ 
ing the aqueous solution and isolating the ketone alcohol in the 
manner described on p. 792. 

Action of Phenylhydrazine on Acetylearbinol. 

Ai&tyharbinol Osazone, CHs*C (N a H*C 6 H 5 ) • CH(N 2 H*C 6 H 5 ). 

The phenylhydrazine compound of methylglyoxal (acetylearbinol 
osazone) was first prepared by v. Pechmann (Per., 20, 2543), by 
wanning together aqueous solutions of methylglyoxal (or nitroso- 
acetone) and phenylhydrazine, thus:— 
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CHs-OO-COH + 2tf 2 H 3 -C a H 5 = CH 3 -O(]Sr 2 H*O6H 5 )-OH(3Sr 2 H*OeH0 

4- 2H a O. 


Subsequently, H. Laubmanu ( [Annalen , 243, 244—248) obtained 
the same substance by treating a solution of acetylcarbinol with 
phenylhydrazine. In order to prove that the substance described as 
acetylcarbinol in this paper really has this constitution, 5 grams of 
the pure substance was dissolved in 50 grams of water, a strong 
solution of phenylhydrazine added in excess, and the oily phenyl- 
hydrazine compound which separated digested in a sealed tube with 
excess of phenylhydrazine at 100—105°. 

The crude osazone thus obtained, after recrystallisation from dilute 
alcohol, gave the following numbers on analysis:— 


0*1790 gram substance gave 33*8 c.c. nitrogen; t = 16°; bar. = 
761 mm. 

Theory. 

Found. 

IT. 22*22 per cent. 22*20 per cent. 


This substance melted at 145°, and was identical in its properties 
with the compound described by v* Pechmann and H. Laubmann 
(Zoc. «*£.)♦ 


Seduction of Acetylcarbinol. 

Formation of Methylglycol, CH 3 *CH(OH) ■CH 2 *OH. 

Acetylcarbinol is readily reduced by sodium amalgam with forma¬ 
tion of methylglycol, thus:— 

CHj-CO-CEkOH 4- H 3 = CH3-CH(OH)-OHyOH. 

In carrying out this experiment, a quantity of a 10 per cent, solu¬ 
tion of acetylcarbinol was transferred to a flat porcelain dish, and 
treated with twice the calculated quantity of 2| per cent, sodium 
amalgam, in small portions at a time. As soon as the reduction was 
complete, the product was separated from the mercury, neutralised 
with hydiochloric acid, and slowly distilled from a flask, furnished 
with a long colonna, and heated by a paraffin-bath, until the residue 
deposited a quantity of crystals of salt. This residue was next 
mixed with absolute alcohol, an equal bulk of ether added, and 
after standing for 24 hours the solution of the glycol was separated 
from the precipitated salt by filtration, and evaporated; the crude 
oily product was then purified, first by distillation in a vacuum, and 
then at the ordinary pressure. In this way an almost theoretical 
yield of methylglycol was obtained, which boiled constantly at 
188°. 
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The analysis gave the following results:— 

0-1798 gram substance gave 0'1696 gram H 2 0 and 0*3132 gram 


CO*. 

Theory. 

CyisOjs. Pound. 

C. 47*37 per cent. 47*50 per cent. 

H. 10*53 „ 10*49 

0. 42*10 „ 42*01 


Methylglycol was first obtained by Wiirtz {Ann. Gbim. Phys. [3], 
55, 438) from propylene bromide, by digesting it with silver acetate, 
and subsequent hydrolysis of the acetate formed; Hartmann (/. pr. 
Oliem . [2], 16, 383) obtained the same substance in small quantity 
by boiling propylene bromide with an aqueous solution of sodium 
carbonate. 

The boiling point and other properties of the substance obtained 
from acetylcarbinol are identical with those ascribed by Wiirtz to 
methylglycol. 

The density and magnetic rotations of methylglycol were deter¬ 
mined by W. H. Perkin, sen. 

Density d4°/4°= 1*0461; d 15°/15° = 1*0389; d 25 0 /25° = 1*03367. 


Magnetic Rotation. 



t. 

Sp. rotation. 

Mol. rotation. 


15 *5° 

1-0058 

■H' - 



1 1*0061 




1 *0055 



» 

, 3 *0018 

4-082 


99 

• 1 -0042 

1 

4-091 


Average .. 15*5 

j 1-0047 

4-093 
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Action of Methylene Iodide on the Bisodium Compound of Ethyl Pentane - 
tetraewi loxylate. Synthesis of Eexamethylene Berivatives. 

By W. H. Perkin, Jun., Ph.D., P.R.S. 

When trimethylene bromide is treated with the mono-sodium com¬ 
pound of ethyl malonate, the reaction proceeds in two distinct phases 
(Trans, 1887, 51,1, 241). In the first place, ethyl tetramethylenedi- 
carboxylate is formed with regeneration of a corresponding amount 
of ethyl malonate, thus:— 

2CHNa(COOC>H 5 ) 3 + CH 3 Br-CH 3 *CH 3 Br = 

CH 2 <^>C(COOC 2 H 5 ) 2 + CH 2 (COOC 3 H 5 ) 3 + 2NaBr, 


whilst the second reaction consists in the production of ethyl pentane- 
tetracarboxylate, thus:— 

2CHNa(COOC 2 H 5 ) 2 + CH 2 Br*CH 2 *CH 3 Br == 

(COOC 2 H 0 ) 2 CH-CH 3 -CH 3 -CH 2 -CH(COOC s H 6 ) 3 + 2NaBr. 

This ethereal salt has been found to be of very great service in 
synthetical experiments, owing to the fact that when treated with 
sodium ethylate, it yields a disodium compound, 

(COOC 2 H 5 ) 3 CNa-CH 2 -CH 2 -CH 3 *CNa(COOC 3 H 5 ) 3 , 
which reacts readily with alkyl haloids yielding, indirectly, derivatives 
of pimelic acid (see the next paper), and which has also been em¬ 
ployed in the synthesis of pentamethylene derivatives (Trans., 1887, 
51,241). 

In the course of these experiments it seemed probable that very 
interesting results might be obtained by the study of the action of 
methylene iodide, ethylene bromide, trimethylene bromide, and other 
similar alkylene haloids on this disodium compound, and I beg now 
to lay before the Society a short account of the results which have 
been obtained in the case of methylene iodide, reserving for a future 
paper the consideration of the action of the other alkylene haloids on 
thin disodium compound. 

At 100°, methylene iodide reacts readily with an alcoholic solution 
of the disodium compound of ethyl pentanetetracarboxylate with 


separation of sodium iodide and formation of ethyl hexamethylene- 
tetracarboxylate, thus:— 

+ -“CHS + 


2NaL 
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This ethereal salt, on hydrolysis, yields the corresponding hexa* 
methylenetetracarboxylic acid, and this beantifully crystalline sub¬ 
stance, when heated at 200—220°, is decomposed with evolution of 
2 mols. of C0 2 and formation of two isomeric hexamethylenemeta- 
dicarboxylic or hem Jiydroitophthalic acids : 

CH 2 *C(COOH) 2 CHo*OH*COOH 

H 2 C< >CH 2 = H a C< >OH 2 + 2C0 2 . 
n CH 2 -C(COOH) 2 x ch 3 -ch*cooh 

In order to understand this interesting decomposition, it will be well 
to compare these compounds with the corresponding hexahydro'tere- 
phtbalic acids, which have been so carefully investigated by Baeyer. 

Baeyer, in his classical researches on the redaction of tere- 
phthalic acid (Annalen, 245 , 103 ; 251 , 257), has shown that hexa- 
hydroterephthalic acid, which contains two relatively asymmetrical 
carbon atoms (Annalen, 245 , 130), is capable of existing in two modi¬ 
fications; these he formulates and designates thus:—* 



Malemoid (or (r^) Fuxnaroid (or r ci,trans ) 

hexahydrotereplithalic acid. hexahydrotereplithalic acid. 

The r cib or maleinoid form is the labile modification, as it is con¬ 
verted into the r tistrails or fumaro’id form by heating with concen¬ 
trated hydrochloric acid at 180°. The former is readily soluble in 
water, melts at 160°, and crystallises in large crystals like maleic 
acid; the latter is sparingly soluble in water, sublimes on beating, 
and crystallises in short prisms, like fumaric acid. 

Similarly, hexahydrophthalic acid, trimethylenedicarboxylic acid 
[1:2], the symmetrical substitation derivatives of succinic acid, and 
other analogously constituted acids have been found to exist in struc¬ 
turally isomeric forms, and in each case the evidence has been in 
favour of the assumption that the higher melting and less soluble 
isomeride is the r clstnms or fnmaroid modification. 

An examination of the formula of hexamethylenemetadicarboxylic 
acid shows at once that firs acid also contains two relatively a*ym- 

* The dots represent carbon atoms as in Baeyer’s paper. 

3 K 
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metrical caibon atoms, and this fact would lead to the supposition 
that this acid must also occur in two modifications, thus:— 



^Malemoid (or r<- ls ) 
liexamethjlenemetadicarboxylic 
acid. 


Pumaro d (or r cistian ») 
liexametlijlenemetadicarboxylic 
acid. 


The investigation of the substance obtained from hexamethylene- 
tetracarboxylic acid by the elimination of 2 mols. of C0 2 has shown 
that this product is, as theory indicates, a mixture of two isomeric 
acids, which maybe separated by repeated recrystallisation, or better, 
by means of their calcium salts. 

Of these two acids, the more soluble isomeride, which melts at 
118—120°, was at first thought to be the T 6 * or malemoid acid, in which 
case the less soluble acid, which melts at 161—163°, would be the 
corresponding r cistnttl! * or fumaroid modification. On carefully ex¬ 
amining the properties of these two acids, results were obtained 
which, as it appears to me, prove that the reverse is the case, and 
that the acid which has the higher melting point and lesser solubility 
must be represented as the malemoid form. 

Baeyer, in the course of his experiments on the constitution of 
benzene, was led to the conclusion that the reduction products of 
terephthalic acid no longer behave as benzene derivatives; they show, 
on the contrary, the properties of saturated and unsaturated com¬ 
pounds of the fatty series, even in the minutest details (Annalen, 251, 
257 ) ; thus hexahydroterephthalie acid may be compared with adipic 
acid: 

GH a -OOOII 

\ 

ch 2 

corresponds to | , 

CJET> 

/ “ 

CHyCOOH 



and as adipic acid gives no anhydride, so also no anhydride could he 
obtained from r ca hexahydroterephthalie acid (. Annalen , 245, 174). 

Hexamethylenemetadicarboxylic acid may, on the other hand, he 
compared with glutaric acid: 
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corresponds to 


OHo-COOH 

I 

cn 2 

CH r COOH 


but glutaric acid, as Markownikow Has shown {Jour. Russ. Ghem. Soc ., 
9,283), readily yields an anhydride when heated with acetyl chloride; 
it therefore follows, if the analogy between the two acids holds good, 
that hexamethylenemetadicarboxylic acid should also give an an¬ 
hydride. 

On subjecting this hypothesis to the test of experiment, it was 
found that not only does the acid of lower melting point give an 
anhydride, but that both the isomeric hexamethylenemetadicarboxylic 
acids, when treated with acetyl chloride, yield with great ease the 
same anhydride, and this anhydride, when dissolved in water, is con¬ 
verted quantitatively into the acid melting at 161—163°, which must 
therefore be the r 018 or maleinoid acid. By conversion into the 
anhydride, and subsequent decomposition of this substance by water, 
it is thus possible to convert the r <astrans acid (m. p. 118—120°) quan¬ 
titatively into the isomeric r 08 acid (m. p. 161—163°). 

In discussing the nature of the hexahydroterephthalic and hexa- 
hydrophthalic acids, both of which exist in isomeric forms, Baeyer 
lays great stress not only on the anhydride formation, but also on the 
behaviour of the acids when heated with hydrochloric acid at 180°, 
as a means of distinguishing the T e18 and r 0 * 118118 modifications. In 
both cases under these circumstances, the lower melting or more 
soluble isomeride is converted into the higher melting and less soluble 
modification$ the former Baeyer represents as the T®* 8 or maleinoid 
acid, the latter as the r dstWD8 or fumaroid acid. 

With a view to obtaining further evidence as to the nature of the 
two isomeric hexamethylenemetadicarboxylic acids, it was therefore 
important that the action of hydrochloric acid on the two acids 
should be carefully investigated. The results obtained in this investi¬ 
gation were very remarkable; the r ribtrans acid of low melting point is 
converted by this treatment in part into the V cis acid of high melting 
point, and the acid o£ high melting point is similarly, in part, con¬ 
verted into the acid of low melting point, but in both cases a con¬ 
siderable quantity of the original acid remains unchanged, and it 
would seem probable that the conversion of each modification into the 
other goes on until a certain equilibrium has been established, and 
then hydrochloric acid has no further action. 

The only direct evidence at present obtained which throws any light 
on the constitution of these two hexamethylenedicarboxylic acids is, 

3 k 2 
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therefore, the fact that the anhydride, which is apparently equally 
readily obtained from each, and which mnst be the anhydride of the 
maleino'id acid, when dissolved in water, yields the acid melting at 
161—163°, just as maleic anhydride, when dissolved in water, yields 
maleic acid. 

Therefore, as no evidence to the contrary has as yet been obtained, 
the acid melting at 161—163° is assumed to be T CIS hexamethylene- 
metadicarboxylic acid, and the acid melting at 118—120° is repre¬ 
sented as r®*® 4 ™ hexam ethylenemetadicarboxylie acid. 

So far it has been assumed that these acids are derivatives of hexa- 
methylene, and there can be no doubt that this is the case, from the 
following considerations:— 

1. Potassium permanganate is without action on dilute sodium 
carbonate solutions of these acids at the ordinary temperature, and ? 
therefore, these acids cannot be unsaturated compounds (Baeyer, 
Annalen , 245, 146). 

2. These acids are capable of yielding anhydrides. This is only 
possible when the carboxyl groups in the original pimelic acid are 
approximated : and this can only be brought about by the formation 
of a ring in such a way that the carboxyl groups, which were 
originally separated by five carbon atoms, are now, by insertion of a 
methylene group and formation of a ring, only separated by three 
carbon atoms, as in glntaric acid: 

CH 3 

cooh-hc/Nch cooh 

COOH'CHg'CHs CH 2 - CH 2 -0 h' y CO OH becomes 

h 2 c> X/ !ch 2 

CHj 


Further experiments on these interesting acids are in progress, and it 
is proposed to inclnde also a study of pcntamethylenedicarboxylic acid, 

^oh 2 -ch>cooh 3 ^ „ , , , 

CH 2 <£jg. .Qg-COOH’ feirahydronap hthalenedicarboxylic acid. 


c 6 h,< 


CHg-CH-COOH 

ch,-6h-cooh : 


with a view to determining whether these 


two Bubstances are also capable of existing in sti ncturally isomeric 
modifications. 


It is unfortunate that, owing to the formation of bye-products of 
complicated constitution, the yield of the hexamethylenedicarboxylic 
acids obtained by the method described in this paper is so small, hut 
it is hoped that, by varying the conditions employed, this yield may 
be ultimately improved. 

In conclusion, I mnst express my thanks to Mr. Bertram Prentice 


for his very valuable help in carrying out this investigation. 
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Ethyl Hexamethylenetetrararbovylate [1:1:3: 3], 

Ha 

0 

HaC/NcKCOOCjHj)* 

HgC v J<m 2 

(COOCoHg), 

In preparing this ethereal salt, the following quantities were used 


in each operation:— 

Ethyl pentanetetraearboxylate. 36*0 grams. 

Sodium (dissolved in 50 grams of alcohol) 4*6 
Methylene iodide. ...... . 28*0 „ 


The ethyl pentanetetraearboxylate was mixed with the cold solu¬ 
tion of the sodium ethylate in a soda-water bottle, the methylene 
iodide then added, the bottle securely corked and tied down, and 
wanned m a water-bath to about 50° with frequent agitation, until 
the layer of methylene iodide, which separates out on the bottom of 
the bottle, has completely dissolved. The water was then slowly 
raised to the boiling point, and the bottle kept at this temperature for 
six hours. 

The product was then mixed with water, extracted three times with 
ether, the ethereal solution washed with water containing a little 
sulphurous acid (to remove traces of iodine), dried over calcium 
chloride, evaporated, and the resulting oil, which weighs about 
34 grams, purified by fractionation under reduced pressure (50 mm.)* 
A considerable quantity of a thick oil was thus obtained, which 
boiled at 235—255° (50 mm.), but there was a large, dark-coloured 
residue in the retort, which could not be distilled without decom¬ 
position. On refractioning the distillate, the product was ultimately 
obtained pure, as a colourless oil, boiling constantly at 243—245° 
under a pressure of 50 mm. This preparation gave the following 
numbers on analysis:— 

I- 01662 gram substance gave 0*1188 gram H 3 0 and 0*3538 gram 
C0 3 . 

II. 01723 gram substance gave 0*1195 gram H 2 0 and 0*3680 gram 
CO s . 


Found. 

Theory. ( -*-\ 

CxaHsAj I. II. 

0 . 58 06 per cent. 58*33 58*25 per cent. 

H. 7*53 „ 7 94 7 70 

O. 34*40 „ 33*73 34 05 
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The molecular weight of this ethereal salt “was determined "by 
Raoult’s method with the following result, using acetic acid as the 


solvent:— 

Weight of substance taken. 1*1417 grams. 

Weight of acetic acid... 45*37 „ 

Melting point of the acetic acid . 15*959° 

Melting point of the mixture. 15*685° 

Depression of the melting point... 0*274° 

Molecular weight calculated from these data = 359 
Theory for CisHogOg... = 372 


Ethyl hexamethylenetetracarhoxylate is a thick, colourless oil, 
resembling ethyl pentanetetracarboxylate in its general properties. 
It is readily hydrolysed by boiling with alcoholic potash, with forma¬ 
tion of the potassium salt of hexamethylenetetracarboxylic acid 
[1:1:3: 3]. 


HexamethylenetetracarboxyliG Acid [1:1: 3: 3], 


ffs 

C 


HgC 0 (COOH)o 

U c 


h 2 c 


)cm 


o 

(OOOH) S 


The purification of the crude product of the action of methylene 
iodide on the sodium compound of ethyl pentanetetracarboxylate, by 
fractionation, is always attended with great loss, as the oils of high 
boiling point contained in this crude product retard the distillation 
of the ethyl hexamethylenetetracarhoxylate, and if the temperature 
is Taised sufficiently high to distil over all the ethereal salt, rapid 
decomposition sets in. It is possible, however, to avoid this distilla¬ 
tion, as considerable quantities of hexamethylenetetracarboxylic acid 
may be prepared directly from the crude ethereal salt in the following 
way:— 

The crude ethereal salt (1 mol.) is gradually added to a methyl 
alcoholic solution of pure potassium hydrate (6 mols.), contained in a 
flask, and the mixture, as soon as the somewhat violent reaction has 
subsided, heated to boiling in a reflux apparatus on a water-bath for 
four hours. The alcohol is then distilled off, the residue dissolved in 
water, and evaporated on a water-bath till quite free from alcohol, 
the cold aqueous solution acidified with hydrochloric acid, all rise ot 
temperature being avoided by cooling with water, and the product 
extracted at least 20 times with ether. 

A curious phenomenon is noticeable during this operation; the 
liquid separates into three layers; the upper layer is the ethereal 
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extract, the lower one the aqueous solution of the salts, and the middle 
layer is a thick, brownish-coloured oil, which, on shaking with ether, 
dissolves only to a small extent. This syrupy substance has only 
been superficially examined; it consists apparently of an acid of very 
complicated constitution, which evidently can be purified only with 
great difficulty. 

The ethereal extract is dried over calcium chloride, evaporated to a 
small bulk, and allowed to stand in a cool place for a week, at the end 
of which time a thick, crystalline crust forms on the bottom of the 
flask. This is freed, as far as possible, from the ethereal solution of 
the oily impurities, by filtration on a pump, the residue washed with 
small quantities of pure ether until perfectly colourless, and then 
spread on a porous plate. The white, crystalline mass thus obtained, 
which is almost pure hexamethylenetetracarboxylic acid, is cautiously 
warmed with water to about 80° until completely dissolved, and the 
solution filtered, and allowed to stand in a cool place for five or six 
days. The acid gradually separates in magnificent, colourless, 
glistening prisms; these are collected, washed with water, and dried 
on a porous plate over sulphuric acid in a vacuum. When analysed 
they gave the following results:— 

I. 0*1661 gram substance gave 0*0720 gram H.O and 0 2810 gram 

C0 3 . 

II. 0*1776 gram substance gave 0*0774 gram H 2 0 and 0*3016 gram 

COj. 

III. 0*1554 gram substance gave 0*0699 gram H 2 0 and 0*2666 gram 
C0 2 . 


Pound. 

Theory. t -*- 

c 10 h 12 o 8 . I- 11. in. 

C. 46*15 p c. 46*14 46*31 46*78 p. c. 

H. 4*61 „ 4*81 4*84 4*98 „ 

O. 49*23 „ 49*05 48*85 48 24 „ 


Analysis III was made with a sample of the acid, before recrystal¬ 
lisation from water. 

Hexamethylenetetracarboxylic acid is readily soluble in hot, and 
moderately in cold, water; it dissolves freely in hot alcohol, but is 
only very sparingly soluble in ether. When heated rapidly in a 
capillary tube, it decomposes at about 218—220° with evolution of 
carbonic anhydride and formation of a mixture of r tls and r c * twn8 
hexamethylenedicarboxylic acids, as explained in the introduction. 

The basicity of this acid was determined, in the first place, by 
titration with standard potassium hydrate solution. 

1*2001 grams of the pure acid required for neutralisation 184*5 c.c. 
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of potassium hydrate solution (1 e.c. = 0*00559 gram KOH = 
1*0318 grams KOH). 

A tetrabasic acid of the formula O 10 Hi A O b requires for neutralisation 
1*0302 gram KOH. 

The silver salt of hexamethylenetetracarboxylic acid , AgiCioHaOs, was 
prepared by adding a large excess of a strong solution of silver nitrate 
to the neutral solution of the* potassium salt, prepared as above. The 
voluminous, ■white, gelatinous precipitate thus obtained was collected, 
washed well on a filter pump, dried first over sulphuric acid in a 
vacuum, then at 100°, and analysed, with the following result:— 

0 3460 gram substance gave 0 0430 gram H a O and 0*2168 gram 

C0 3 . 

0 2614 gram substance left, after ignition, 0*1630 gram Ag. 


Theory. 

C 10 H 8 O 8 Ag 4 . Pound. 

C. 17*48 per cent. 17*09 per cent. 

H. 1*17 „ 1*37 

Ag. 62*70 „ 62*32 


The silver salt is very stable and only very slowly darkened when 
exposed to diffused light; it is also very sparingly soluble in water. 

A dilute solution of the potassium salt of hexamethylenetetracarb- 
oxylic acid shows the following behaviour with reagents:— 

Barium chloride , no precipitate in the cold, but, on heating, a white, 
apparently crystalline salt separates, which redissolve 3 on cooling. 
Calcium chloride shows a similar behaviour. Copper sulphate , no pre¬ 
cipitate in the cold, but, on boiling, the solution becomes intensely 
blue and deposits a small quantity of a light-blue precipitate. Copper 
acetate gives, in the cold, a pale-blue precipitate, which is much 
increased by boiling. Lead acetate , a white, gelatinous precipitate, 
sparingly soluble in water. 


O 


Methyl Hexamethylenemetadica rboxylate, 


H s c/\ 

HoCv ( 


CHCOOOH, 

‘OHo 


V 

iTcoooh, 


Hexamethylenetetracarboxylic acid, when heated at 200—220°, is, 
as has already been stated, decomposed with evolution of 2 mols. C0 2 
and formation of two isomeric hexamethylenemetadicarboxylic acids. 

The amount of the tetracarboxylic acid obtained as described above 
is small, and although the dark-coloured ethereal mother liquors still 
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contain considerable quantities of this acid, no method could be 
devised by which it could readily be extracted. Fortunately, the 
hexamethylenedicarboxylic acids can be obtained from this crude 
product without further purification, the following method, which 
has been repeatedly employed, giving satisfactory results. 

The crude, dark-brown acid which is left behind after distilling the 
ether from the mother liquors of the pure hexamethylenetetraearb- 
oxylic acid, and which weighed about 122 grams, was heated at 
220—230° until the evolution of carbonic anhydride had ceased ; the 
residue (73 grams) was dissolved in 4—6 times its weight of methyl 
alcohol, mixed with about 50 grams of concentrated sulphuric acid, 
and the mixture heated to boiling on a reflux apparatus for 5 hours. 
The product was then poured into a large volume of water, extracted 
four times with ether, the ethereal solution washed twice with very 
dilute sodium carbonate solution, dried over anhydrous potassium 
carbonate, evaporated, and the residual dark-brown oil (71 grams) 
purified by rapid fractionation under reduced pressure (60 mm.). 
About 28 grams distilled between 170° and 177° as a colourless oil, 
leaving a quantity of a dark-coloured residue of very high boiling 
point in the retort. On repeated fractionation, the methj 1 salt was 
obtained pure, boiling at 172—175° (60 mm.) ; the analysis gave 
the following results :— 

0*1626 gram substance gave 0*1192 gram H 2 0 and 0*3578 gram 
C0 3 . 


Theory. 

CioHigO,|. Found. 

O. 60*00 per cent. 60*00 per cent. 

H. 8*00 8*14 

0. 32*00 „ 31*86 


The molecular weight of this ethereal salt was determined by 
Raoult’s method, with the following result, using acetic acid as the 
solvent:— 


Weight of substance taken .. 1*0117 gram. 

Weight of acetic acid taken. 50*21 „ 

Depression of the melting point.. 0*373° 

Molecular weight calculated from these data =211 
Theory for CioHjgO*. = 200 


This ethereal salt is a mixture of the methyl salts of r Cto and r cistrans 
hexamethylenedicarboxylic acid. It is a colourless, fairly mobile 
liquid, which possesses an odour closely resembling that of the 
ethereal salts of the higher members of the succinic semes. 
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Y as Sexamethylenemetadicarloxylic Acid , 


H 2 

0 



cn-cooii 

ch 3 


0 

^b00H 


The hydrolysis of methyl hexametliylenedicarboxylate is readily 
carried out by boiling the pure methyl salt, with 1J times the calcu¬ 
lated quantity of alcoholic potash for two hours on a water-bath. 
The product is evaporated nearly to dryness, the residue dissolved 
in water, vigorously boiled until the last traces of alcohol have 
been expelled, and the cold alkaline solution acidified with hydro¬ 
chloric acid and extracted five times with pure ether. The ethereal 
solution, after drying over calcium chloride and evaporating, deposits 
a thick, almost colourless oil, which, on standing over sulphuric acid in 
a vacuum, gradually solidifies, and in about 14 days is converted into a 
hard cake of crystals. The crude acid thus obtained is spread on a 
porous plate, allowed to stand until all traces of oily impurity have 
been absorbed, the resulting colourless mass dissolved in boiling 
benzene, mixed with light petroleum (b. p. 60—*70°) until a slight 
turbidity is noticeable, the solution again heated to boiling, and then 
allowed to stand in a cool place for two or three days. In this way a 
quantity of a hard, white, crystalline substance was obtained, which 
was collected, washed with cold benzene, dried on a porous plate at 
80°, and analysed with the following result:— 


0*1442 gram substance gave 0*0930 gram H 2 0 and 0*2954 gram 
C0 2 . 


O 

H 

O 


Theory. 

C3H12O4. 


55*81 per cent. 


6*98 

37-21 


99 

99 


Found. 


55*88 per cent. 


7-16 

36*96 


99 

99 


This analysis agrees well with the formula of hexamethylenedicarb- 
ovylic acid, and the general behaviour of the acid, and especially the 
stability of its sodium salt to potassium permanganate, is in accord¬ 
ance with this view, but the substance is, nevertheless, not a definite 
compound, as the following experiment shows. 

When heated in a capillary tube, the acid shows no definite melting 
point; the crystals begin to soften at 116°, and are not completely 
melted when the temperature has risen to 135°. The reason for this 
behaviour was found, on further investigation, to be due to the fact that 
the substance is a mixture of varying proportions of two isomeric acids, 
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C 8 Hi 2 0 4 , that is, of r cis and r c,stians hexamethylenemetadicarboxylic 
acids. At first the separation of these two isomerides was accomplished 
by oft-repeated recrystallisation, first from benzene, then from a mixtnie 
of benzene and light petroleum, and finally from concentrated hydro¬ 
chloric acid; the less soluble (r m ) acid was found to melt at 159—161°, 
the more readily soluble (r c,strans ) acid at 118—120°. 

Subsequently, it was discovered that the separation could be much 
more readily effected by taking advantage of the fact that the calcium 
salt of r® 1 ® hexamethylenedicarboxylic acid is much less soluble in 
water than that of the r ei8txaittS dicarboxylic acid. The mixed acids, 
after one crystallisation from benzene and light petroleum, are dis¬ 
solved in a considerable bulk of water, the solution heated to about 
50° and agitated with a very slight excess of calcium carbonate, care 
being taken that enough water is present to prevent the precipitation 
of the sparingly soluble calcium salt of the r ws acid. The solution is 
then filtered from the slight excess of calcium carbonate, and evapo¬ 
rated on a water-bath until a considerable crop of crystals has formed; 
these are collected, washed well with hot water, and the evaporation 
of the filtrate and subsequent separation of the crystals formed con¬ 
tinued until only a small bulk of liquid remains. 

The various crops of crystals consist of the almost pure calcium salt 
of r c “ hexamethylenedicarboxylic acid, the very soluble calcium salt 
of the isomeric acid remaining in solution. 

In order to obtain the free r cls acid, the crystals are boiled with 
sufficient concentrated hydrochloric acid to dissolve them, and the 
solntion filtered through glass wool and set aside to cool slowly. 
The mass of needle-shaped crystals thus obtained, after washing 
with concentrated hydrochloric acid, recrystallising from this solvent, 
and drying at 100°, melted not quite sharply at 159—162°; the sub¬ 
stance was, therefore, again converted into the calcium salt, the 
regenerated acid twice recrystallised from concentrated hydrochloric 
acid, and the beautiful, colourless crystals, which melted at 161—168°, 
analysed with the following result:— 

I. 0*1370 gram substance gave 0*0882 gram H s O and 0*2806 gram 
C0 3 . 

II. 0*1507 gram substance gave 0*0969 gram H 2 0 and 0*3081 gram 
C0 2 . 


Found. 

Theory. ,- A ^ 

0 8 H 12 O 4 . I. II. 

0. 55*81 per cent. 55*86 55*75 per cent. 

H. 6 98 „ 7*15 7*14 

O. 37*21 „ 36*99 3711 


T m Hexamethylenedicarboxylic acid melts at 161—1G3°. It is very 
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soluble iu warm water, benzene, and alcohol, and moderately so in 
ether, but only sparingly in light petroleum; it crystallises well from 
water or benzene, but best from boiling concentrated hydrochloric acid, 
from which it separates rapidly on cooling, in the form of slender, 
colourless needles. 

Generally speaking, this acid is less soluble in solvents than the 
isomeric r® 8tlims acid, but the difference in solubility is not sufficient 
to allow of the two acids being readily separated by recrystallisation. 
The solution of T* 18 hexamethyl enedicar boxy lie acid in dilute carb¬ 
onate of soda does not decolorise potassium permanganate even on 
long standing (compare Baeyer, Annal&n , 245, 146). The acid is, 
however, readily oxidised by nitric acid, although it is only slowly 
acted on when boiled with potassium dichromate and dilute sulphuric 
acid. When heated with concentrated sulphuric acid, a vigorous 
action sets in, with evolution of sulphurous anhydride and subsequent 
charring; this experiment was repeated several times in the hope that 
under suitable conditions isophthalic acid might be obtained, but as 
yet with only negative results. 

The basicity of the acid was determined by titration with standard 
solution of potassium hydrate, using a trace of phenolphthalein as 
indicator. 

0*2378 gram substance required for neutralisation 27*8 c.c. of 
potassium hydrate solution (1 c.c. = 0*00559 gram KOH) = 
0T554 gram KOH. 

A bibasic acid of the formula C 8 H 13 04 requires theoretically 0*1548 
gram KOH. 


Salts of T ct * Hexamethyl&nedicarboxylic Acid . 

Silver salt, AgjCbHioO*.—This is thrown down on the addition of 
silver nitrate to the warm neutral solution of the potassi um salt as a 
white, apparently crystalline precipitate; this is collected, washed 
well with water, and dried, first on a porous plate over sulphuric acid 
in a vacuum, and then at 100° ; when analysed, it gave the following 

I. 0*2124 gram substance gave 0*0515 gram H,0; 0*1925 gram 
COjj, and 0*1189 gram Ag. 

0 1640 gram substance left on ignition 0*0912 gram Ag. 



Theory. 

C 8 H 10 Ag 2 O 4 . 

iT 

II. 

c. 

24'92 per cent. 

24-72 

- - , 

H. 

2-59 „ 

2-69 

.. 

Ag ....... 

55-87 „ 

55-93 

55-61 


per cent. 
»» 
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This salt is exceedingly stable; it can be heated to 120° without 
apparent change, and is only very slowly darkened by exposure to 
diffused daylight; it is only sparingly soluble in water. 

Calcium Salt , CJEIioO^Oa + 3H 8 0 (?).—The preparation of this 
characteristic salt is given above (p. 809). The analysis of three 
different samples of the air-dried substance indicates that it crys¬ 
tallises with 3 mols. H 2 0, two of which are given off at 100°, and the 
third at 180°. 

I. The salt was exposed to the air for two days. 

01610 gram substance, heated at 100°, lost 0*0212 gram = 13*23 
per cent. 

II. The salt was exposed to the air for four days. 

0*1561 gram substance, heated at 100°, lost 0*0190 gram = 
12*17 per cent. 

III. The salt had been exposed to the air for eight days. 

0*2265 gram substance, heated at 100°, lost 0 0245 gram = 
10*80 per cent. 

Theoretically, the salt C b H 10 O 4 Ca + 3H 2 0, giving off two of its 
three molecules of water of crystallisation, should lose 13 63 per cent, 
in weight; it would therefore appear from the above numbers that a 
portion of the water of crystallisation is gradually given off on 
exposure to the air at ordinary temperature. 

The residues from Experiments II and III, on heating at 175° in a 
Victor Meyer drying oven, heated by boiling aniline, behaved as 
follows:— 


II. 0*1371 gram substance lost 0*0112 gram = 8*17 per cent. 
III. 0*2020 gram substance lost 0*0180 gram = 8*91 per cent. 


CaCsHioO* + H 2 0 contains 7*99 per cent, of water of crystallisa¬ 
tion. The analysis of the salt, dried at 175° till constant, gave the 
following results:— 


I. 0*1259 gram substance, heated with sulphuric acid, gave 0*0792 

gram CaS0 4 . 

II. 0*1392 gram substance, heated with sulphuric acid, gave 0*0878 

gram CaSO*. 

Found. 


Theory. ( -*-^ 

CaCsHwO* I. II. 

Ca. 19*05 per cent. 18*51 18*55 pei cent. 


This calcium salt crystallises in the form of slender needles, which 
when once deposited are only very sparingly soluble in water. A 
sparingly soluble calcium salt, probably identical with the above, is 
produced when calcium chloride is added to a strong solution of the 
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ammonium salt of the acid, and the mixture boiled. A neutral solu¬ 
tion of the potassium salt of T 01 * hexametliylenediearboxylic acid, of 
the strength obtained by neutralising the dry acid with standard 
potassium hydrate solution (1 c.c. = 0*00559 gram KOH), shows the 
following behaviour with reagents :— 

Copper sulphate, a light blue precipitate, very sparingly soluble even 
in boiling water. Zinc sulphate, no precipitate in the cold, but on 
boiling a slight turbidity. Lead acetate, a white, crystalline pre¬ 
cipitate, which forms at once, and under the microscope is seen to 
consist of groups of irregularly formed needles; the precipitate is 
almost insoluble in boiling water. Barium and calcium chlorides , no 
precipitate. 


Anhydride of r* £l * Hezamethijlenedicarboxylic Acid . 

In the introduction to this paper, it is stated that, in view of Baeyer’s 
deductions from his experiments on the reduction of terephthalic 
acid, it might be expected that r®* hexamethylenemetadicarboxylic 
acid would behave like a fatty acid of similar constitution, such 
as glutaric acid, and, like this acid, under suitable treatment 
yield an anhydride. Although, at first, this r m acid, on account 
of its high melting point and other properties, was thought to be 
the r ctota * Bh or fumaroid form of hexamethylenedicarboxylic acid, it 
nevertheless seemed possible, that, when digested with acetyl chlor¬ 
ide, this modification might be converted into the anhydride of the 
r** acid, just as fumaric acid, under similar circumstances, yields 
maleic anhydride (Perkin, Ber., 15, 1073, and Anschutz, Ber., 14, 
2792). 

In order to test this supposition, 1 gram of the pure r oL> acid was heated 
in a very small flask, connected with a reflux apparatus, with excess of 
acetyl chloride for about one hour, the excess of acetyl chloride dis¬ 
tilled off, and the almost colourless, oily residue transferred to a small 
dish and heated gently on a sand-bath till free from acetic acid. The 
product, which on cooling solidified to a hard mass of needle-shaped 
crystals, was spread on a porous plate to remove traces of oily impurity, 
the colourless, crystalline residue dissolved in a little boiling benzene, 
mixed with about an equal bulk of hot light petroleum, and allowed 
to cool slowly. In this way the anhydride of r tu hexamethylenedi¬ 
carboxylic acid was obtained pure in the form of magnificent, glisten¬ 
ing, needle-shaped crystals, which, after drying at 100°, gave the 
following numbers on analysis:— 

0"1142 gram substance gave 0*0689 gram H 3 0, and 0*2604 gr am 

COj. 
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Theory. 

C s H 10 O 3 . Found. 

C . 62*33 per cent. 62*19 per cent. 

H. 6*50 „ 6*70 

O. 31*17 „ 31*11 


This anhydride melts at 187—189° -with slight previous softening, 
and distils at a high temperature almost without decomposition. It 
is readily soluble in benzene, acetic acid, and alcohol, excessively so 
in chloroform, but only sparingly in cold bisulphide of carbon and light 
petroleum. Hexamethylenedicarboxylic anhydride is only very slowly 
decomposed by cold water or cold dilute sodium carbonate solution, 
but it dissolves readily in hot water, and the solution, if sufficiently 
concentrated, deposits, on cooling, needle-shaped crystals of pure 
r ns hexamethylenedicarboxylic acid (m. p. 161—163°). 


Conversion of T* 8 Hexamethylenedicarboxylic Acid into r ci8iians 
Hexamethylenedicarboxylic Acid . 

This interesting isomeric change was brought about by heating the 
very carefully purified r cib acid with concentrated hydrochloric acid 
in a sealed tube at 180°, but as stated in the introduction the conver¬ 
sion is only partial, a considerable quantity of the original acid re¬ 
maining unchanged. The tube, on cooling, contained a granular, 
crystalline mass, which melted irregulai'ly at 135—150°, and behaved 
in every respect as a mixture of the r cis and r clbLrans acids. 

In order to prove the formation of the r clbtr * mb acid, the contents of the 
tube was extracted four times with ether, the ethereal solution evapo¬ 
rated, the residue dissolved in a little water, neutralised with ammonia, 
heated to boiling, and gradually mixed with a large excess of a con¬ 
centrated solution of calcium chloride. The heavy, white, satiny pre¬ 
cipitate of the calcium salt of the T La acid thus produced was col¬ 
lected on a filter, washed with hot water, and decomposed with hydro¬ 
chloric acid, when a quantity of a white powder was obtained, which, 
after recrystallisation, melted at 161—163°, and consisted of pure 
r c,s acid. The filtrate from the sparingly soluble calcium salt was 
acidified with hydrochloric acid, extracted four times with ether, the 
ethereal solution evaporated, the residual oil stirred with a glass rod 
till solid, and the solid mass spread on a porous plate to remove traces 
of oily impurity. In this way a white, crystalline substance was 
obtained, which, after two fractional crystallisations from hydro¬ 
chloric acid, melted at 118—120°, and possessed all the properties of 
pcutnws hexamethylenedicarboxylic acid (see next section). 

Analysis :— 
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0*1369 gr am substance gave 0 0861 gram H^O and 0 2789 gram 


CO* 

Theory. 

C s H 12 0|. Found 

0. 55*81 per cent. 55*56 per cent. 

H. 6*98 „ 6 98 „ 

0. 37*21 „ 37*46 


ptMboiu JZexamethijlenenietaduarboxylic Acvl , 


H 

C 

HsOj^.CH-COOH 

C 

cocxkk 


The mother liquors of the sparingly soluble calcium salt of r us 
liexame tliylenedicarboxylie acid (see p. 809) contain the readily 
soluble salt of the r ci8tians acid, together with traces of the former salt. 
In order to separate the two salts as far as possible, the solutions were 
evaporated to a small bulk (but not to such an extent as to cause the 
soluble calcium salt to crystallise out), filtered from a very small 
quantity of a calcium salt which formed, and then evaporated to 
dryness. The residue was dissolved in a small quantity of boiling 
concentrated hydrochloric acid, the solution filtered through glass 
•wool and vigorously stirred till a small quantity of crystals had formed, 
again filtered, and allowed to stand in a cool place for four hours. 
At the end of this time a considerable crop of crystals had separated; 
these were collected, washed with concentrated hydrochloiic acid, 
recrystallised from this solvent, dried at 100°, and analysed with the 
following result:— 

0-1344 gram substance gave 0*0863 gram H 2 0 and 0 2750 gram 


CO* 

Theory. 

CbH^Oi. Found. 

C. 55 81 pei* cenc. 55*81 per cent. 

H. 6*98 ., 7*13 

O. 37-21 „ 37 06 


When heated in a capillary tube, r clstrallB hexamethylenedicarboxylic 
acid melts fairly sharply at 118—120°. It is possible that, in spite of 
the care taken in separating and purifying this acid, it may still con¬ 
tain traces of r tis hexamethylenedicarboxylie acid, and the melting 
point lib'—120° may therefore not be quite correct. That, at the most, 
only traces of the acid of higher melting point are present is shown by 
the fact that a strong neutral solution of the r usUans acid, on the addi- 
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tion of calcium chloride, gives no precipitate even on continued 
boiling. 

pustians hexametbylenedicarboxylic acid resembles tbe r° ls acid very 
closely in its properties; it is, however, slightly more soluble in con¬ 
centrated hydrochloric acid and other solvents than the latter acid; 
both acids show the same stability when treated with potassium per¬ 
manganate in alkaline solution. 

The basicity of the acid was determined by titration with standard 
potassium hydrate solution. 

0 6563 gram substance required for neutralisation 76*5 c.c. of potas¬ 
sium hydrate solution (1 c.c. = 0*00559 gram KOH) = 0*4275 
gram KOH. 

A bibasic acid, C b His0 4 , requires for neutralisation 0*4274 gram 
KOH. 


Salts of T ustrans JSe.vamethylenedlcarhoxylic Acid. 

Silver Balt , Ag;jC s Hio0 4 .—This salt was prepared by adding silver 
nitrate to the warm, neutral solution of the potassium salt. It is a 
heavy, white precipitate, sparingly soluble in water. 

Dried at 100°, this salt gave the following numbers on analysis:— 

I. 0*2366 gram substance gave 0*0562 gram H 3 0, 0*2124 grain 

C0 3 , and 0*1302 gram Ag. 

II. 0*2711 gram substance left on ignition 0*1513 gram Ag. 


III. 0*4114 „ „ 0*2301 

Found. 

Theory. r -*- x 

C 8 HxoAg30 4 . I. IX* III. 

C. 24*92 p. c. 24*80 — — p. c. 

H. 2*59 „ 2*66 — — „ 

Ag. 55*87 „ 55*69 55*81 55*93 „ 


This salt is very stable, and in other respects very similar to the 
silver salt of T 08 hexamethylenedicarboxylic acid. 

A solution of the potassium salt of the strength obtained by 
neutralising the dry acid with standard solution of potassium hydrate 
(1 c.c. == 0*00559 gram KOH) shows the following behaviour with 
reagents:— 

Copper sulphate , a light-blue precipitate sparingly soluble in 
water. Zinc sulphate , no precipitate in the cold, but, on boiling, 
the solution becomes slightly turbid, owing to the separation of a 
small quantity of a zinc salt. Lead acetate , at first no precipitate, 
but in a few seconds a beautifully crystalline lead salt separates, 
which under the microscope is seen to consist of minute plates; this 
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salt is almost insoluble in water. Barium and calcium chlorides, no 
precipitates. 


Action of Acetyl Ghloride on r mhaHS Eeramethylenedicarlo.iylic Arid. 

Conversion of this Acid into T as Eexamethylenedicarboaylic Arid. 

The formation of an anhydride from T CIS hexamethylenedicarboxylic 
acid by the action of acetyl chloride has been described onp. 812, and, 
for reasons there stated, it seemed interesting to determine whether 
the r cistauas acid under similar conditions would yield the same 
anhydride . 

1 gram of pure r tlstran& acid was digested with acetyl chloride for one 
hour, the excess of the reagent removed by evaporation, and the resi¬ 
dual solid, crystalline substance purified by spreading it on a porous 
plate and subsequently recrystallising it from a mixture of benzene 
and light petroleum. In this way a beautiful, colourless, crystalline 
substance was obtained which melted at 187—189°, and in its other 
properties proved to be identical with the anhydride of r c,s hexa¬ 
methylenedicarboxylic acid. Analysis:— 

0*1063 gram substance gave 0*0629 gram H 3 0 and 0*2413 gram 


CO*. 

Theory, 

C 8 H 10 O 3 . Pound. 

C . 62*33 per cent. 61*90 per cent 

H....... 6*50 „ 6*59 „ 

O. 31*17 31*51 „ 


The yield of anhydride obtained in this experiment seemed to 
be quantitative As, furthermore, this anhydride when dissolved 
in water yields r ub hexamethylenedicarboxylic acid, it follows that 
the above method can be used as a means of converting the r t “ ,tia “ 8 acid’ 
quantitatively into the r us acid, whereas the conversion by means of 
hydrochloric acid, as described in the next section, is always incom¬ 
plete. 

The anhydride which is thus obtained by the action of acetyl 
chloride on both isomeric hexamethylenedicarboxylic acids is charac¬ 
terised by an extraordinary capacity for crystallising, and this pro¬ 
perty may be made use of with great advantage as a means of 
purifying very crude residues of the mixed acids, from which other¬ 
wise nothing crystalline could be isolated. These residues, such as 
washings of beakers and filter-papers, aqneous extracts of pieces of 
porous plate, which have been used in the purification of the acids as 
described in this paper, are first treated with calcium carbonate, and 
roughly separated into the calcium salts of the T** and r ustrans acids; 
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the crude acids obtained 'from the calcium salts are converted into 
the anhydride, and this substance, which if very impure will not 
directly solidify, dissolved in benzene and cautiously mixed with light 
petroleum. On standing, the anhydride separates in long crystals, 
and is readily purified, except in exceptional cases, when distillation 
under reduced pressure and subsequent recrystallisation must be re¬ 
sorted to. 

Conversion of T flhtmns Hexamethylenedicarboxylic Acid into Hesca - 
methylenedicarboxylic Acid by means of Hydrochloric Add . 

One of the most interesting facts which have been noticed in this 
investigation is that the two isomeric hexamethylenedicarboxylic acids, 
when heated with hydrochloric acid at 180°, are each to some extent 
converted into the other, and thus, no matter which acid you start 
with, the product of the reaction is sure to consist of this acid mixed 
with an apparently definite quantity of its isomer. The isomeric 
change in the case of r eis hexamethylenedicarboxylic acid has been 
described on p. 813, and it is therefore only necessary to show that a 
similar change takes place in the case of the r cistrans acid. For this 
purpose, about 1 gram of r cistr,uas hexamethylenedicarboxylic acid 
(m. p. 118—120°) was heated in a sealed tube with 15 c.c. of concen¬ 
trated hydrochloric acid for three hours at 180°, and the crystals 
which separated from the concentrated solution, on cooling, collected, 
washed with hydrochloric acid, and dried at 100°. These crystals 
melted irregularly from 140—155 c , and obviously contained a small 
quantify of unchanged r tlstrans acid; the expeiiment was therefore 
repeated, and the action of the hydrochloric acid continued for 
eight hours, but the resulting acid still showed no sharp melting 
point. The whole was now dissolved in ammonia solution, the excess 
of ammonia expelled by boiling, a strong solution of calcium chloride 
added to the hot solution, and the copious precipitate which formed 
collected, washed with water, decomposed by hydrochloric acid, and 
the resulting acid recrystaliised from this solvent. In this way a 
considerable quantity of T® 8 hexamethylenedicarboxylic acid was 
obtained which melted at 159—161°, and gave the following results 
on analysis:— 

0T222 gram substance gave 0*0785 gram H 2 0 and 0*2497 gram 


C0 2 . 

Theory. 

C3&12O4* Found. 

0. 55*81 per cent. 55*78 per cent. 

H . 6*98 „ 7*03 „ 

O. 37*21 „ 37*24 „ 

3 l 2 
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As nearly as could be judged in a small experiment, about 60 per 
cent, of the r LlstTal,b acid is converted into the T C1S acid by this treat¬ 
ment. At the same time it should be mentioned that the unchanged 
acid was not isolated and analysed, but only roughly identified as 
such. 

Meriot Watt College , Edinburgh. 


LXXYIL—CONTRIBUTIONS FROjH THE LABORATORIES 
OF THE HERIOT WATT COLLEGE, EDINBURGH. 

Synthesis of Horn olog ups of Peatanetetracarboxy lie Acid and of 
Pimelic Acid . 

By W. H. Perkin, Jun., Ph.D.. F.R.S., and Bertram Prentice. 

In a previous communication to the Society on derivatives of penta- 
methylene (Trans., 1887, 51, 240), it was shown that ethyl pent- 
anetetracarboxylate, (COOC 2 H fi ) 2 CH*CH 2 *CH 2 *CH 2 *CH(COOCsHfi)>, 
produced by the action of trimethylene bromide on the sodium 
derivative of ethyl malonate, was capable of forming a disodium 
compound, (COOCaHsJsCNa'CHa'CHa'CHa'CNaCCOOCaHs)^ which, 
when treated with bromine, yielded ethyl pentamethylenetetracarb- 
oxylate. 

This disodium compound reacts readily also with methylene iodide, 
forming, among other products, ethyl hexamethylenetetracarboxylate, 
as is shown in the preceding paper. 

In the course of these experiments, it appeared to us interesting to 
include the study of the action of alkyl iodides on the disodium com¬ 
pound of ethyl pentanetetracarboxylate, and as a result we find that 
this reaction serves as a very convenient method of preparing osc-di- 
hubstituted pent&netetracarboxylic acid derivatives, and, indirectly, of 
aa-disubstituted pimelic acids, thus:— 

(COOC a H 5 ) s CNa-CH 3 -CH^CH 2 *CNa(COOC,H 5 ) 3 + 2RI = 

(COOCaHsJoCR-CHa-CHs-CHa-CRCCOOC^ + 2NaL 

On hydrolysis, the ethereal salts thus obtained yield the corre¬ 
sponding tetrabasic acids, and these, when heated at 200—220°, are 
readily decomposed with evolution of 2 mols. of carbonic anhydride 
and formation of homologues of pimelic acid, thus:— 

(COOHJaCR-CH^CHs-CHa-CRCCOOHla = 

COOH-CHR-CHa*CH 2 -CH 3 *CHR-COOH + 2CO* 

On the other hand, it was not found possible to prepare monalkyl 
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derivatives of pentanetetracarboxylic acid by treating etbyl pentane- 
tetracarboxylate with 1 mol. of sodium ethylate and alkyl haloids. 

Thus, when benzyl chloride was employed, the product of the re¬ 
action was found to consist of ethyl dibenzylpentanetetracarboxylate, 
one half of the ethyl pentanetetracarboxylate being recovered as 
such. In order to explain this curious reaction, one must either suppose 
that etbyl pentanetetracarboxylate is incapable of forming a*mono¬ 
sodium compound, under the conditions employed, or that the de¬ 
composition of the monosodium compound takes place thus:— 

I. (COO0 2 H 5 ) 2 CNa-[CH 3 ] 3 -CH(COO0 J H 5 ) 3 + C 7 H 7 C1 = 

(COO 0 2 H 5 ) .C(C 7 H 7 ) •[ CH 2 ] 3 *CH(COOC 2 H 5 ) 2 + tfaCl. 

II. (C00C 2 H 5 ) 2 C(C 7 H 7 )-[CH 2 ] 3 -CH(C00C 2 H 5 ) 2 + 
(COOC 2 H 5 ),C]SV[CH 2 ]3-CH(COOC 2 H 5 ) 3 = 
(COOC 2 H 6 )3C(C 7 H 7 )*[CH 2 ] 3 -CXa(COOC J H 3 ) 2 4- 

(COOC 3 H 0 )2CH-[CH 2 ] j -CH(COOC 2 H 3 ; 2 . 

III. (COOC 3 H 5 )sC(C 7 H 7 )*[CH 2 ]i*CIsra(COOC 3 H 3 ) 2 + C 7 H 7 C1 = 

(COOC 2 H 5 ) 2 C(C 7 H 7 )-[CH 3 ]/C(C 7 H 7 )(COOC 2 H 6 ) 2 + NaCI. 

Similar results were obtained by Guthzeit and Dressel (Annalen, 
256, 180 and 188), who found that ethyl dicarboxyglutarate, 
(COOC 3 H 5 ) 2 CH*CH 2 *CH(COOC 3 H 5 ) 2 , was apparently not capable of 
yielding a monosodium compound, and that, consequently, when the 
ethereal salt was treated with 1 mol. of sodium ethylate and ethyl 
iodide, instead of ethyl monethyldicarboxyglutarate, a mixture of 
ethyl diet hyl di carboxy glu tar at e with unchanged ethyl dicarboxy¬ 
glutarate resulted. 

Derivatives of ethyl pentanetetracarboxylate and of pimelic acid, 
identical with those obtained by the above method, may be conve¬ 
niently prepared by acting on the sodium compound of the ethyl 
alkylmalonate with trimethylene bro nide, thus :— 

2(COOC 3 H 5 ) i CftN’a + C 3 H 6 Br 2 = 

(COOC 3 H 5 ) 2 CR-[CH 2 ] 3 -CIt(COOC 3 H 5 ) 2 + SNaBr. 

The action of trimethylene bromide on the sodium compound of 
ethyl isobutylmaionate was carefully investigated, and it was found 
that nearly 50 per cent, of the theoretical yield of ethyl diisobutyl- 
pentanetetracarboxylate was obtained in this way; hence this method 
may, obviously, in many cases, be conveniently employed instead of 
that just described, especially as it is more expeditiously carried out. 

The smallness of the yield of ethyl diisobutylpentanetetracarb- 
oxylate appears to be due to a secondary reaction, in which ethyl 
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isobatylallylmalonate is formed, with regeneration of some ethyl 
isobatylmalonate, thus:— 


2 (COOCsH^.CTSTa-CiH,, + CjHsBri = 
(COOC.H s )aC(CH = -CH:CH 2 )-C 4 H e + (COOC,H 3 ) 2 CH-C 4 H 9 + 2NaBr. 

The stndy of the disnbstitnted pimelio acids is of considerable 
interest in view of the work lately done by Zelinsky, Auwers and 
Victor Meyer, Bisehoff, and his collaborateurs, and others, on the 
stereochemical isomerism of aws-disnbstitnted acids in the succinic, 
glutaric, and adipic series. 

CHX-COOH . x 

The symmetrical disnbstitnted succinic acids, exlst 

in two modifications or so-called stereochemical isomerides which may 
be conveniently represented thns:— 

X-CH-COOH X-CH-COOH 

COOH-h6-X “ X-CH-COOH ' 

(Fumaroid form*) (Maleinold form.) 


Similarly, symmetrical dimethylglntaric acid, 


pxT ^CH(OH3)-COOH 
UMs< -CH(CH 3 )-COOH’ 


exists in two modifications; the corresponding diphenylglntaric acid 
has, on the contrary, only been obtained in one form. 


. . . , CH 2 «CH(CH3)-COOH 

Agam, symmetrical dxmethyladipic acid, £ H= . CH(CH3) . C00tf 

exists in the form of two stereochemical isomerides. 

It naturally appeared to ns interesting to determine whether the 
symmetrical aa-pimelic acids existed in two modifications, which, in 
the case of dimethylpimelic acid, would be represented by the 
formulae 


ch 3 -ch*cooh 

COOH-HC-CHj 

(Fumaroid form.) 


ch 3 -(j:h-cooh 

[CH S ] S 

CHj-CH-COOH 

(MaleInoid form.) 


With this object in view, a considerable number of these di-snb- 
stitated pimelic acids were prepared, and very carefully fractio nally 
recrystaliised from water, but in no case could a separation into two 
isomerides be accomplished. This investigation was, however, ren¬ 
dered very difficult from the fact that, nnlike the disnbstitnted snc- 
cinic acids, the acids of the pimelic series have little capacity for 
crystallising. 



PENTANETETRACARBOXYLIC ACID AND PLVIELIO ACID. 821 


It was frequently noticed that the melting points of the acids were 
not so sharp as could hare been desired, and there is, therefore, still 
a possibility that stereochemical isomerides exist, which, however, are 
so similar in properties that means other than simple recrystallisation 
would need to be resorted to in order to effect separation. 

A curious result was obtained in studying the action of benzal 
chloride on the disodium compound of ethyl pentanetetracarboxylate. 
This experiment was instituted in the hope of obtaining phenyl- 
hexamethylene derivatives, thus:— 

(COOCsHsJ^ClSralCFJ/CNaCCOOO^s + C 6 H 5 -0HG1 3 = 

(COOC a H 5 ) 3 C < C *^> 0 (GOOC,H 0 ) 3 + 2NaCl, 

a reaction analogous to the formation of ethyl hexamethylenetetra- 
carboxylate by the action of methylene iodide on the disodium com¬ 
pound of ethyl pentanetetracarboxylate (compare p. 803). 

On hydrolysing the ethereal salt obtained m this reaction, a hexa- 
methylenetetraearboxylic acid was not obtained, as was expected, but 
instead of this, an acid which on investigation proved to be dibenzal- 
pimelic acid. The formation of this acid by the action of benzal 
chloride on the disodium compound of ethyl pentanetetracarboxylate 
and subsequent hydrolysis may be represented thus:— 

2 (OOOC 3 H 5 ) 2 CFa-[CH 3 ] J -CHa(OOOC 2 H 5 ) 2 + 20 fa H i> -CH01 2 + 10KOH 
= COOK-C(:CH-C 6 H5)*[CH a ] 3 -C(:OH-C b H 5 )-COOK + 
(GOOK) 3 CH-[OH 2 ] 3 -OH(OOOK) 3 + 4NaGl 4- 8C>H 0 -OH + 2 K 2 C 03 , 

]?ut the exact course of the reaction is difficult to explain. 

It is, however, possible that, in the first place, an intermediate 
compound, 

(COOG^OfOHOl-O.HsJ-tCHsls-OCCHOl-Oe^COOOCaH,)*, 

is formed, half of the sodium compound of ethyl pentanetetracarb¬ 
oxylate remaining unacted on. On subsequent Hydrolysis, this inter¬ 
mediate substance would yield dibenzalpimelic acid, thus:— 

(COOOaHsJ^CHCl-C^GlCHJ^CCCHCl-C^CCOOCA), -r 

SKOH = COOK-C(GH-0 6 H B )-[OH 2 ]yO(OH-C 6 H fi )-OOOK + 

2KC1 + 4CJS/0H + 2K 3 0 0 3 + 2H 3 0, 

whilst the excess of ethyl pentanetetracarboxylate, on hydrolysis and 
subsequent beating at 200°, would yield pimelic acid; this was 
actually found as one of the products of the reaction. 

Ethyl pentanetetracarboxylate is readily acted on by bromine with 
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formation of ethyl aa-dibromopentanetetracarboxylate and evolution 
of hydrogen bromide, thus:— 

(C000 2 H 5 ).GH-[CHJ,-CH(C00C 2 H 5 ) 3 + 2Br 2 = 

(C00C 2 H 5 )2CBr-[CHj3-CBr(00002H 5 ) 3 + 2HBr. 


This dibromo-compound is remarkable for the ea&e with which it 
is converted into ethyl pentamethylenetetracarboxylate, this change 
taking place when the substance is treated with alcoholic potash 
or alcoholic ammonia, and apparently quantitatively when it is boiled 
in alcoholic solution with the sodium compound of ethyl malonate. 
It seems probable that this latter reaction takes place according to 
the equation 


CCOOC 2 H,) a CBr-CH^CH s -GH 2 -CBr(COOC 2 H 5 ) 3 + 

GH 2 *CH 2 *CH> 

2(COOCjH*)jCHNa = (oo o Oj H 0,4-^C0OO,B,>, + 
(COOCiHi)jOH-OH(COOC*H*)j + 2N»Br, 


a striking example of the tendency towards the formation of a penta- 
methylene ring; clearly by this reaction a hexamethylene ring might 
have been produced, thus:— 

(C00C 2 H3) s CBrGH a -0H s *CH 2 -CBr(0000 3 H 5 ) 2 + 

2(COOC.Hj)jCHNa = (cooq^^^CCCOOCJAVOCCOOO,^), 

+ (COOC 2 H 5 ) 2 OH 3 + 2NaBr, 


and it would be a matter of considerable interest to determine 
whether by varying the conditions the hexamethylene compound 
could be obtained. 

With regard to the descriptions of the properties of the substances 
obtained in this research, we wish to add that the density and magnetic 
rotation determinations were made by W. H. Perkin (sen.), who will, 
in a forthcoming paper, describe his observations in detail. We have 
also to express our thanks to Dr. J. Walker, to whom we are indebted 
for the determinations of the dissociation constants for the electrical 
conductivity of the pimelic acids. 


Ethyl Penianetetracarloxylate, 

(COOG a H 5 ) 3 CH-[CH 3 ] 3 -OH(COOC 2 H 5 ) 2 . 

This substance has already been described (Trans., 1887, 41, 240). 
In preparing large quantities of this ethereal salt, the following 
quantities are advantageously employed in one operation:— 
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Ethyl malonate. 320 grams. 

Trimethylene bromide. 210 „ 

Sodium. 46 „ 

Alcohol. 500—550 grams. 

The reaction which sets in after mixing these substances (Trans., 
41, 241) is at times very violent; it is, therefore, necessary to employ 
a large flask fitted with a long condenser, and resting on several folds 
of cloth, otherwise loss from frothing or from breakage due to bump¬ 
ing may result. The crude ethyl pentanetetracarboxylate obtained 
from the product of this reaction by the method previously recom¬ 
mended ( loc . cit.) does not boil constantly; but it nevertheless 
appears to be a very fairly pure substance, and for synthetical pur¬ 
poses the fraction passing over between 255° and 275° (under a 
pressure of 100 mm.) was found to give excellent results. A sample 
of this ethereal salt boiling at 230—235° (30 mm.)* gave on analysis 
the following numbers— 

0*1705 gram substance gave 0*1198 gram H 2 0 and 0*3350 gram 


C0 3 . 

Theory. 

" CijEUgOs- Pound. 

C. 56*67 per cent. 56*78 per cent. 

H. 7*78 „ 7*81 

0 . 35*55 „ 35*41 


The boiling point of this ethereal salt was previously given as 
259—262° (100 mm.), and this agrees well with that given above, that 
is, 230—235° (30 mm.). 

Records of the yields obtained in a large number of experiments 
on the action of trimethylene bromide on the sodium compound of 
ethyl malonate have been kept, and the following may be given as 
approximately representing the proportion of the various products 
obtained from 1 kilo, of ethyl malonate. 


Crude product of the reaction.. 1050—1090 grams. 

{ crude ethyl tetramethyl- 

enedicarboxylute.... 570— 620 

crude ethyl pentane¬ 
tetracarboxylate .... 420-470 „ 

Ethyl pentanetetracarboxylate, b. p. 

255—275° (100 mm.)... 360— 390 „ 


* All boiling points given in this paper are to be under&tood as being taken with 
the thread of the thermometer immersed entirely in the vapour of the boiling 
liquid. 
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Pmtanetrtracarboxylio Acid , (COOH) 2 CH*[CHo] 3 *CH(COOH) 2 . 

In the previous communication (loc. cit.\ this acid -was only ob¬ 
tained in a crude state, and was not then examined and analysed; it 
may be prepared in an approximately pure state in the following 
way: 

9 grams of the pure ethereal salt are gradually added to a moder¬ 
ately concentrated solution of 10 grams of pure potassium hydrate in 
methyl alcohol, and the mixture heated to boiling in a reflux appa¬ 
ratus for two hours. The product is evaporated, mixed with water, 
again evaporated to a small bulk to remove the last traces of alcohol, 
acidified with dilute sulphuric acid, and extracted at least 20 times 
with pure ether which must be quite free from alcohol. The ethereal 
solution is very carefully dried over calcium chloride, filtered, 
evaporated, and the residual oily acid allowed to stand several days 
over sulphuric acid in a vacuum. 

In this way a crystalline cake is obtained, which after being freed, 
as far as possible, from oily mother liquor by spreading on a porous 
plate, is washed rapidly with a small quantity of pure ether on a piece 
of porons tile, and the residual white, crystalline mass dried over 
sulphuric acid in a vacuum. When analysed, it gave the following 
result:— 

O'1396 gram substance gave 0*0667 gram H a O and 0*2239 gram 


CO*. 

Theorj. 

OfjHjnO^. Found. 

C. 43*55 per cent. 4*3*74 per cent. 

H. 4*84 ,, 5*30 „ 

0. 51*61 „ 50*96 


Pentanetetracarboxylic acid begins to melt at 125—130°, and 
gradually decomposes with evolution of carbonic anhydride and 
formation of pimelic acid, thus:— 

(COOH),CH-[CH 2 ] 3 -CH(COOH) 3 = 2C0 3 + 

COOH-CH 3 -[CH 2 ] 3 -CH s -COOH. 

It is excessively soluble in water or alcohol, readily in ether, but 
almost insoluble in benzene and light petroleum. 

The basicity of the acid was determined by titrating a known 
quantity with standard potassium hydrate solution. 

0*5662 gram acid required for neutralisation 88*5 c.c. of standard 
solution of potassinm hydrate (1 c.c. = 0*00559 gram KOH) = 
0*492 gram KOH. 
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A tetrabasic acid of the formula C 9 H 13 08 requires = 0*511 gram 

KOH. 

The results of the analysis and the titration of this acid seem to 
show that it contains a small quantity of pentanetricarboxylic acid. 


Preparation of Ethyl Pimelate and Pimelie Acid, 

The fact that pentanetetracarboxylic acid, on heating, is decom¬ 
posed into pimelie acid and carbonic anhydride affords a valuable 
method for the preparation of this acid: more especially as other 
methods of preparation leave some doubt as to the normal structure 
of the resulting acid. We have had occasion to prepare a quantity of 
pimelie acid, and have found the following method, which differs from 
that previously given (Trans., 1887, 51. 242), to give admirable 
results:— 

Crude ethyl pentanetetracarboxylate (which need not be submitted 
to fractionation in a vacuum) is hydrolysed by boiling with an alco¬ 
holic solution of li times the theoretical quantity of potassium 
hydrate for 2 to 3 hours in a reflux apparatus, the alcohol driven 
off on a water*-bath, and the residue dissolved in water and boiled 
vigorously to remove the last traces of alcohol. The concentrated 
solution is acidified with an excess of dilute sulphuric acid, and ex¬ 
tracted about 20 times with pure ether; the extract is then dried over 
calcium chloride, evaporated, and the residual crude pentanetetra¬ 
carboxylic acid heated in an oil-bath at about 200—220° until the 
evolution of carbonic anhydride has ceased. The crude, dark- 
coloured pimelie acid thus obtained is best purified by conversion 
into its ethereal salt; for this purpose, the crude product is dissolved 
in about 6 times its weight of absolute alcohol, about one-fifth of the 
volume of concentrated sulphuric acid added, and the whole heated 
to boiling in a reflux apparatus for two hours. The alcoholic solution 
is then poured into much water, extracted four times with ether, and 
the ethereal solution washed twice with water and once with dilute 
sodium carbonate solution; the ethereal solution, after being dried 
over potassium carbonate, is evaporated, and the residual, brownish- 
coloured oil purified by distillation under reduced pressure (100 mm.). 
After two fractionations, nearly the whole of it passed over between 
192° and 194° (under a pressure of 100 mm.), and gave, on analysis, 
the following numbers:— 

0*1054 gram substance gave 0*0891 gram H 3 0 and 0 2360 gram 
C0 2 . 
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Theort. 

COOt\H-,*[CH«]; COO0 2 H o Found 


0. 61-11 per cent 61*06 per cent. 

H. 9*26 „ 9*38 

0 . 29*63 „ 29*46 


Ethyl pimelate is a colourless, limpid oil, which has a penetrating 
odour, somewhat resembling that of ethyl succinate. The density of 
this ethereal salt was found to be tl 4’ l /4° == 1*0080; d lb 0 /! 5°=0*9988; 
tl 25° J *25° = 0*9920. 

The magnetic rotation determinations gave — 

t. Sp. rotation. Hoi rotation. 

1S*9° 0*9481 11*424 

The acid was obtained from the ethereal salt by digesting it with 
excess of alcoholic potassium hydrate, evaporating the solution with 
the addition of water until free from alcohol, acidifying with dilute 
sulphuric acid, and extracting several times with ether. The ethereal 
S3lution, after drying over calcium chloride and evaporating, deposited 
a colourless oil which soon solidified to a hard, crystalline cake of 
almost pure pimelic acid; this was readily purified hy conversion into 
the characteristic calcium salt (Dale, Schorlemmer, Annalen, 199, 
147) and subsequent recrystallisation from benzene. The beautiful 
product thus obtained gave on analysis:— 

0*1202 gram substance gave 0*0828 gram H.0 and 0*2313 gntrn 

CO* 

Theory. 

COOE*[CH^ ,-COOH Found. 


C. 52*50 per cent 52*48 per cent. 

H. 7-50 „ 7*65 

O. 40*00 „ 39*87 


The yield of pure pimelic acid obtained in this way from 180 gram** 
of crude ethyl pentanetetracarboxylate was about 47 grains; the 
theoretical being 8(J grams. 

In a subsequent experiment made with the pure ethereal salt, the 
yield of recrystallised acid obtained was over 80 per cent, of the 
theory. The dissociation constant for the electrical conductivity of 
pimelic acid at different concentrations is K = 0*00341 (Ostwald 
gives 0-00357). 

Pimelic acid is readily soluble in water.* 100 parts of water dis¬ 
solve about 2 52 parts of pimelic acid at 13*5 J . 

* The determination*, of the solubility of pimelic acid and its homologues which 
aie given in this paper were made simultaneously; the acids were dis solved in 
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Ethyl Eibromopentanetetracarboxy late , 
(0OOC2H 6 ) 3 CBr-[0H 3 ] 3 -CBr(00O0 2 H 5 ) 3 . 

Ethyl pentanetetraearboxylate is very readily attacked by bromine 
at ordinary temperatures, and. if the addition of bromine is continued 
as long as deeolorisation takes place, ethyl dibromopentanetetracarb- 
oxylate is formed, thus:— 

(C000 3 H 5 ) 2 CH*[CH 3 ] 3 -CH(C00C 2 H 6 ) 2 + 2Br s = 

(COOC 8 H 5 ) 2 CBr-[OH 3 ] 3 -CBi'(COOC 2 H 5 ) 2 + 2HB 

The following method answers well for preparing considerable quanti¬ 
ties of this substance :— 

36 grams of pure ethyl pentanetetraearboxylate is dissolved in 100 
grams of pure dry chloroform, and 32 grams of bromine added very 
slowly and drop by drop through a dropping funnel; the mixture 
should be cooled during the operation by a stream of water, although 
the rise of temperature due to the reaction is not considerable. Each 
drop of bromine, as it comes in contact with the solution of the 
ethereal salt, is instantly decolorised, until about 28—30 grams have 
been added; then the reaction becomes very slow, and the liquid does 
not become colourless even on long standing. 

The product thus obtained is washed twice with water, then with 
dilute sodium hydrate solution, and again with water; after being 
dried over calcium chloride, the chloroform is removed by allowing 
the solution to evaporate at a gentle heat on a water-bath, the last 
traces of chloroform being expelled by a current of air. The thick, 
oily residue, on cooling, soon begins to solidify, and if the crystallisa¬ 
tion takes place slowly, large, well-formed, four-sided, tabular crystals, 
with bevelled edges, separate, and continue to grow until the whole 
mass has become solid. This crystalline mass was carefully pressed, 
dried over sulphuric acid in a vacuum, and analysed with the follow¬ 
ing result:— 

0*1501 gram substance gave 0*0736 gram H s O and 0*2140 gram 
CO s . 

0*2331 gram substance, heated with nitric acid and nitrate of silver 
in a sealed tube, gave 0*1684 gram AgBr. 


Theory. 

CtfHogBraOg. Found. 

C. 39*38 per cent. 39*48 per cent. 

H. 5*02 „ 5*44 

Br. 30*89 „ 31*15 


warm water, the solutions allowed to stand for two days to crystallise, filtered, and 
the amount of add contained in the solutions estimated by titration. 
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Ethyl dibromopentanetetracarboxylate melts at about 38—40°. It 
is very readily soluble in most organic solvents; in cold light petr¬ 
oleum, however, it is only moderately soluble. We were not successful 
in our attempts to recrystallise the substance from any of these 
solvents. 

Ethyl dibromopentanetetracarboxylate is readily hydrolysed by 
boiling with a mixture of dilute sulphuric acid and acetic acid, with 
formation of a crystalline acid, which appears to be dibroinopentane- 
tetracarboxylic acid. Alcoholic potash converts the dibromo-ethereal 
salt into pentametbylenetetracarboxylic acid, and the same remark¬ 
able change takes place, at all events to a small extent, when the 
ethereal salt is heated with alcoholic ammonia in a sealed tube. 
Similar results were obtained in experimenting on the action of ethyl 
dibromopentanetetracarboxylate on the sodium compound of ethyl 
malonate. 

It seemed possible that this reaction might lead to a synthesis of 
hexamethylene derivatives (as explained in the introduction), and in 
order to submit this view to the test of experiment we proceeded as 
follows:— 

3*3 grams of sodium was dissolved in 35 grams of absolute alcohol, 
the solution of sodium ethylate thus formed diluted with 50 c.c. of 
pure dry ether, and then 11*5 grams of ethyl malonate and 37 grams 
of ethyl dibromopentanetetracarboxylate added. After standing for 
half an hour, the product, which was quite neutral, was mixed with 
water, extracted two or three times with ether, the ethereal solution 
evaporated, and the residual thick oil hydrolysed by boiling it in a 
refinx apparatus for two days, with a mixture of 1 vol. of concentrated 
sulphuric acid, 1 vol. of water, and 2 vols. of glacial acetic acid. 
Steam was then blown through the mixture until all traces of acetic 
acid had been expelled, the slightly brownish liquid was filtered, 
allowed to stand for 24 hours, and the crystalline precipitate which 
had formed collected, washed with water, and recrystallised twice 
from this solvent. 

Thus purified, the acid melted at 160°, and consisted of pure penta- 
metbylenedicarboxylic acid. Analysis gave the following result:— 

0*1510 gram substance gave 0*0868 gram H 2 0 and 0*2952 gram C0 2 . 

Theory. 

ch< ch =-V h ' cooh 

'^CHyCH-COOH * Found. 


C. 53*16 per cent. 53*31 per cent. 

H. 6*33 „ 6*38 

0. 40*51 „ 40*31 


The yield ot the acid obtained in this experiment was very large. 
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and this method of preparation may possibly prove to be the simplest 
means of obtaining large quantities of pentamethylenedicarboxylie 
acid. Further experiments on this subject are in progress. 

Ethyl Dimethylpentanetetracarboxylate , 
(CO0C 2 H 5 ) 2 C(CH 3 )-[CH 3 ]/C(CH 3 )(00O0 3 H 5 ) 3 . 

As the methods employed in preparing the various homologues of 
ethyl pentanetetracarboxylate were in all cases very similar, we pro¬ 
pose to give one example in full, and then in the other preparations 
simply to refer to this, giving only such important details as may be 
necessary. 

In preparing ethyl dimethylpentanetetracarboxylate, 4*6 grams of 
sodium was dissolved in 50—55 grams of absolute alcohol, the well- 
cooled solution mixed with 36 grams of ethyl pentanetetracarboxylate 
(b. p. 255—275° at 100 mm.), and then an excess of methyl iodide 
(35 grams) added. The latter must be cautiously added, and with 
constant cooling, otherwise the reaction is apt to become very 
violent, and loss by boiling over may occur. The mixture was 
transferred to a soda-water bottle, heated in a water-bath at 100° 
for an hour, the product mixed with water, and the oily layer which 
separated extracted three times with ether. The ethereal solution 
was well washed with water, dried over calcium chloride, evapor¬ 
ated, and the almost colourless, oily residue purified by fractiona¬ 
tion under reduced pressure (30 mm.). Almost the whole distilled 
between 235° and 245°, and on refractionation the ethereal salt 
was readily obtained pure as a thick oil boiling constantly at 
238—240° (30 mm.). 

The analysis gave the following result:— 

0*1930 gram substance gave 0*1450 gram H>0 and 0*4148 gram 


C0 3 . 

Theory. 

CjgH^Og. Found. 

C ...- 58*76 per cent. 58*61 per cent. 

H. 8*25 „ 8*34 

0 . 32*99 „ 33*05 


Ethyl dimethylpentanetetraearboxylate is a thick, colourless oil 
possessing a feebly ethereal odour, and boiling constantly at 
238—240° (30 mm.). It is insoluble in water, bnt miscible with 
alcohol, ether, and most organic solvents. 
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Diniethyljp&itanetetracarboxylic Acid, 
(OOOH) 3 C(OH 3 )-[CH 3 ]s*C(OH3)(OOOH) 3 . 

In order to prepare this acid, the pure ethereal salt (1 mol.) was 
digested with an excess of a solution of pure potassium hydrate 
(6 mols.) in methyl alcohol for two hours in a flask connected with a 
xeflnx apparatus. The product was evaporated nearly to dryness, 
mixed with a considerable quantity of water, the solution again 
evaporated to a small bulk to remove the last traces of alcohol, 
acidified with dilute sulphuric acid, and extracted about 10 times 
with pure ether. The ethereal solution, after drying over calcium 
chloride, deposits during evaporation a white, sandy precipitate 
which consists of pnre dimethylpentanetetracarboxylic acid. This 
was collected, washed with ether till quite colourless, dried over 
sulphuric acid in a vacuum, and analysed with the following 
insults:— 

I. O'1555 gram substance gave 0*0830 gram H 2 0 and 0*2742 gram 
CO*. 

II. 0*1520 gram substance gave 0*0826 gram H«0 and 0*2698 gram 
CO*. 


Found. 

Theory. ,-*- s 

C u H 16 0 8 . L II. 

C. 47*83 per cent. 48*09 48*40 per cent. 

H. 5*79 „ 5*93 6*03 

0. 46*37 „ 45*98 45*57 


The ethereal mother liquors from this acid on evaporation deposit 
a less pnre acid, which was used in the subsequent preparation of 
dimethylpimelic acid. 

Dimethylpentanetetiucarboxylic acid, when rapidly heated, decom¬ 
poses at about 200—205° into carbonic anhydride and dimethyl- 
pimelic acid. It is very soluble in water and alcohol, sparingly so in 
ether, benzene, light petroleum, chloroform, and ethyl acetate. Its 
aqueous solution has a strongly acid reaction. The basicity of the 
acid was determined by titration with standard potassium hydrate 
solution. 

0*1590 gram substance required for neutralisation 0*1285 gram 
KOH. 

A tetrabasic acid of the formula ChHkOs requires 0*1289 gram 
KOH. 
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Ethyl Dimethylpimelate and Dimefhylpimelic Acid , 
COOH-OH(CH 3 )*[CH s ] 3 *CH(CH 3 )-COOH. 

When heated at 200°, dim ethyl pentane tetra carboxyli c acid is 
rapidly decomposed with evolution of carbonic anhydride and forma¬ 
tion of dimethylpimelic acid:— 

(COOH) 3 C(CH 3 )-[CH 3 ] 3 -C(OH3)CCOOH) 3 = 

COOH-CH(OH 3 >[CH S ] 3 -CH(OH 3 )-COOH + 200,. 

The preparation and purification of this acid is readily accomplished 
in the following way:— 

The crude tetrabasic acid, obtained as described in the previous 
section, is gradually heated in an oil-bath to £00°, and kept at this 
temperature until the evolution of carbonic anhydride ceases, the 
temperature being ultimately raised to 220° for one or two minutes. 
The crude, brownish-coloured acid is dissolved in absolute alcohol, 
digested with sulphuric acid, and thus converted into the diethyl 
salt, which is isolated and purified exactly as described under ethyl 
pimelate (p. 825). 

Ethyl dimethylpimelate boils constantly at 195—196° (100 mm.), 
and in its properties closely resembles ethyl pimelate. 

The analysis gave the following numbers:— 

I. 0*1438 gram substance gave 0*1288 gram H*0 and 0*3352 gram 
C0 3 . 

II. 0*1270 gram substance gave 0*1132 gram H 2 0 and 0*2974 gram 
CO*. 


Pound. 

Theory. , -*- x 

C13H24O4. i* n, 

C. 63*93 per cent. 63*85 63*86 per cent. 

H. 9*83 „ 9*95 9 90 „ 

0. 26*24 „ 26*20 26*24 „ 


The specific gravity of ethyl dimethylpimelate is d 4°/4° = 0*9817; 
d 15°/15° = 0*9728; d 25°/25° = 0*9663. 

The magnetic rotation determinations gave as an average— 

& Sp. rotation. Mol. rotation. 

17*6° 0-9526 13*298 

This ethereal salt is identical with the ethyl dimethylpimelate ob¬ 
tained by Kipping and Mackenzie (this vol., p. 571) by the action of 
trimethylene bromide on the sodium compound of ethyl methylaceto- 
acetate. The boiling point given by these authors (190—191° under 
a pressure of 80 mm.) agrees well with that observed by us. 

VOL. L1X. 3 u 
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The preparation of dimethylpifti6lic acid from its ethereal salt is 
exactly similar to the preparation of pimelic acid from ethyl pimelate 
(p. 826). 

The ethereal solution of the acid, on evaporation, deposited a thick 
oil which solidified when allowed to stand over sulphuric acid in a 
vacuum. The crystalline cake thus obtained was strongly pressed, 
and then purified by recrystallisation from water. This operation 
can be successfully carried out by dissolving the acid in sufficient hot 
•water to allow of only a small quantity of oil separating on cooling. 
After standing for some days, beautiful, glistening, prismatic crystals 
grew from the oily drops; these were collected, washed with a little 
water, dried first on a piece of porous plate over sulphuric acid in a 
vacuum, then at 50—60°, and analysed (I). The mother liquors 
from these crystals, on standing over sulphuric acid in a vacuum, 
gradually deposited magnificent, glistening prisms, arranged in stellate 
groups: these were also collected and analysed (II). 

I. 0*1460 gram substance gave 0T132 gram H 3 0 and 0*3062 gram 
CO*. 

II. 0T453 gram substance gave 0T157 gram H a O and 0*3060 gram 

CO,. 



O. 57*44 per cent. 57’19 57*43 per cent. 

H. 8*51 „ 8*61 8*84 „ 

0 . 34*05 ,, 34*20 33*73 „ 


Dimetbylpimelic acid melts at 74—76°. 

The dissociation constant for the electrical conductivity of this 
acid at different concentrations is El = 0*00337. 

Dimethylpimelic acid has already been obtained by Eapping and 
Mackenzie (this vol., p. 570), by the hydrolysis of ethyl dimethyl- 
diaeefcylpimelate, thus:— 

+ * E0H = 

c6oK-OH(OH 3 )-[CH 1 >OH(CH j )-COOK + 2C 2 H a 0 2 K + 

2C 2 H 5 -OH. 

These authors recrystallised their acid from a mixture of 
and light petroleum, and obtained crystals ma tin g at 81°. 

We have also repeatedly reciystallised our acid from these 
solvents, but have never been able to observe a higher melting point 
than 74-76°. 

Dimethylpimelie acid is readily soluble in water; 100 parts of 
inter at 135° dissolve about 2-19 parts of the pure acid; but this 
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number must be regarded as approximate only, since this acid does 
not crystallise from -water so readily as the other pimelic acids. 

Ethyl Diethylpentanetetracarboxylate^ 

(COOC s H s ) 2 C(C 2 H 5 )-[CH 2 ]3-0(C s H 5 )-(COOO a H 5 ) 2 . 

The quantities employed in preparing this compound were:— 


Ethyl pentanetetracavboxylate. 36*0 grams. 

Sodium. 4*6 ,, 

Alcohol. 55*0 „ 

Ethyl iodide. 40*0 „ 


The operation was carried out exactly as described under ethyl 
dimethylpentanetetracarboxylate (p. 829); as, however, the reaction 
was not so energetic, the mixture was heated for two hours at 100°. 
The crude ethereal salt obtained weighed 40 grams, and, on fractiona¬ 
tion, distilled, with the exception of very small high and low boiling 
fractions, between 245° and 250° (30 mm.). The pure substance 
boils constantly at 247 c under a pressure of 30 mm. Analysis gave 
the following results :— 

0-1640 gram substance gave 0*1300 gram H s O and 0*3650 gram 


C0 3 . 

Theory. 

4A&. Pound. 

O. 60*57 per cent. 60*69 per cent. 

H. 8*65 „ 8*80 

O. 30*77 „ 30*51 


Ethyl diethylpentanetetracarboxylate is a thick, colourless oil 
boiling at 247° (30 mm.). 

Diethylpentanetetracarboasylia Acid, 

(OOO^aCCO^-COHsj^OCOaHs) (COOH) 2 . 

The hydrolysis of ethyl diethylpentanetetracarboxylate was con¬ 
ducted as described under dimethylpentanetetracarboxylic acid (p. 
830). The ethereal solution of the tetrabasic acid was evaporated 
to a small bulk, allowed to stand, and the crystals which separated 
collected, washed rapidly with small quantities of pure ether on a 
filter pump, and dried over sulphuric acid in a vacuum. 

The analysis gave the following result:— 

0*1553 gram substance gave 0*0957 gram H 2 0 and 0*2930 gram 
C0 2 . 


3 m 2 
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Theory. 

OisHjoOg. Found. 

0 .. 31*31 per cent. 51*46 per cent. 

H. 6*58 „ 6*84 

O . 42*11 „ 41*70 


Diethylpentanetetracarboxylic acid is a colourless, crystalline sub¬ 
stance which, when heated in a capillary tube, decomposes at about 
192—195^ with evolution of carbonic anhydride and formation of 
diethylpimelic acid. It is very readily soluble in water and alcohol, 
and much more so in ether than the corresponding dimethyl acid, 
sparingly in benzene:— 

The basicity of the acid was determined by titration with standard 
potassium hydrate solution. 

0*1536 gram substance required for neutralisation 0*1118 gram 
KOH. 

A tetrabasic acid of the formula CisH^Os requires 0*1131 gram 
KOH. 

Silver Diethylpentaneietracarboxylate, C ls H I 6 Ag 40 8 .—This salt was 
prepared from the neutral solution of the potassium salt by tbe 
addition of silver nitrate solution. The white, insoluble precipitate 
was collected, washed with water, dried over sulphuric acid in a 
vacuum, and analysed, with the following result:— 

0*2834 gram substance gave on ignition 0*1659 gram silver. 

Theory. 

CjjHjgA gjOg. Found. 

M . . 58*90 per cent. 58*54 per cent. 

This silver salt is very stable and not readily acted on by light. 


Ethyl Diethylpimelate and Diethylpimelic Acid , 
COOH-CH(C s H5)-[CH 8 ] s *OH(0 2 H fi )*COOH. 

Diethylpimelic acid was prepared by heating crude diethylpentane- 
ietracarboxylie acid at 210—220° until the evolution of carbonic 
anhydride had ceased and then purifying the crude product by con¬ 
version into the diethyl salt (see p. 825). Ethyl diethylpimelate 
is a colourless, agreeably smelling oil which boils constantly at 
209—211° (100 mm.). 

Analysis.— 

0*1317 gram substance gave 0*1222 gram H a O and 0*3190 gram 
CO* 
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Theory. 

CijffssO^ Found. 

C. 66*18 per cent. 66*06 per cent. 

H. 10*20 „ 10*31 

O. 23*53 „ 23*63 


The specific gravity of this ethereal salt is d 4°/4° = 0*9667; 
il 15°/15° = 0*9583; d 25°/25° = 0*9509. 

The magnetic rotation determinations gave as an average:— 

£ Sp. rotation. Mol. rotation. 

18-2° 0*9708 15-355 

Diethylpimelic acid was prepared from tlie pure ethereal salt by 
hydrolysis with alcoholic potassium hydrate (see p. 826). The alka¬ 
line solution of the potassium salt, deposits the acid, on acidifying, 
as a semi-solid mass; this was extracted with ether, the ethereal 
solution dried over calcium chloride, evaporated, and the residual 
solid acid purified by spreading on a porous plate and subsequently 
recrystallising it from water. 

For analysis, the substance was dried over sulphuric acid in a 
vacuum 

0-1508 gram substance gave 0*125 4 gram H 2 0 and 0-8362 gram 


CO> 

Theory. 

CuHsAj. Found. 

C. 61*11 per cent. 60*80 per cent. 

H. 9*26 „ 9-24 

0 . 29-63 „ 29-96 


Diethylpimelic acid crystallises from water in four-sided prisms 
which resemble crystals of cane sugar in appearance and melt at 
96—97°. 

Diethylpimelic acid is sparingly soluble in cold water, about 0-234 
part in 100 parts of water at 13*5°. 

The basicity of this acid was determined by titration with normal 
potassium hydrate solution:— 

0*1710 gram acid required for neutralisation 0*0883 gram KOH. 

A bibasic acid of the formula CnH^O* requires 0*0889 gram 
KOH. 

The dissociation constant for the electrical conductivity of diethyl¬ 
pimelic acid at different concentrations is K = 0*00345 
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JfJthyl Dipropylpentanetetracarloxy late, 

(COOC j H 5 ) s C(C 3 H,)-[CH s ] 3 -C(CJH,)(COOO j H 5 )*. 

The quantities used in the preparation of this snbstance were :— 


Ethyl pentanetetracarboxylate ... 

36*0 grams. 

Sodium. 

4*6 „ 

Alcohol... 

60-0 „ 

Propyl iodide.-. 

40-0 „ 


the operation being conducted exactly as described under ethyl 
dimethylpentanetetracarboxylate. In this instance, however, on 
mixing the propyl iodide with the alcoholic solution of the disodium 
salt of ethylic pentanetetracarboxylate, only a slight evolution ot 
heat was observable even after standing for some minutes. The 
product of the reaction was a thick oil, which, on twice fractioning, 
boiled constantly at 258—256° (30 mm.) as a colourless oil, which on 
standing completely solidified. 

The crystalline cake was well pressed, dried over sulphuric acid in 
a vacuum and analysed with the following result:— 

0*1583 gram substance gave 0*1290 gram H s O and 0*3586 gram 


CO,. 

Theory. 

Found. 

C. 62*16 per cent. 61*77 per cent. 

H. 9*00 „ 9*05 

0. 28*83 „ 29*18 


Ethyl dipropylpentanetetracarboxylate melts at about 52—54 D and 
distils at 253—256° (30 mm.); it is very readily soluble in the usual 
organic solvents. 

This ethereal salt gave somewhat curious results on hydrolysis; this 
was conducted as usual (p. 830), and the resulting syrupy tetrabasic 
acid, which on standing became completely solid, was freed from traces 
of oily matter by spreading on a porous plate, and analysed with the 
following result:— 

0*1596 gram substance gave 0*1194 gram H c O and 0*3278 gram 
CQ a . 

Theorv. 

(OOOHJaC (C 3 H 7 ) - [CJETJ C (CJEC r ) (COOH)> Found. 


C.. 51*21 per cent. 56*01 per cent. 

H. 7-23 „ 8-31 „ 

0. 3856 „ 35-68 


a fe acid was then dissolved in a small quantity of 'warm water. 
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filtered, and the solution allowed to stand, when, in a short time, 
beautiful, four-sided, glisfceningplates separated ; these wex*e collected, 
washed with a little water, dried on a porous plate over sulphuric 
acid in a vacuum, and again analysed. 

I. 0*1460 gram substance gave 0-1090 gram H 2 0 and 0*2990 
gram CO a . 

II. 0*1433 gram substance gave 0-1075 gram HjO and 0*2932 
gram CO 3 . 

Found. 


1. n. 

C. 55*85 55*80 per cent. 

H. 8*30 8*34 


From these analytical results, this beautiful substance appears to 
be a mixture, in molecular proportion, of dipropylpentanetetracarb- 
oxylic acid and dipropylpentanetricarboxylic acid, 

(COOH) 2 0(0 3 H 7 )-[CH 3 ]3-OH(0,H t )*COOH; 

such a mixture contains C = 56-13, H = 7*75 per cent. As, however, 
the crystals, when critically examined under the microscope, were 
found to be perfectly homogeneous, it appears probable that these 
two acids crystallise together in molecular proportion. The com¬ 
position of these crystals is well borne out by the results obtained 
by titrating their aqueous solution with standard potassium hydrate 
&olution; the numbers agree again with those required for a mixture 
of molecular proportions of the tribasic and tetrabasic acids. 

0-1640 gram substance required for neutralisation 0*0964 gram 

KOH. 

The mixture of tri- and tetra-basic acids requires 0*1037 gram 

KOH. 

When heated in a capillary tube, these crystals decompose at 168° 
with evolution of carbonic anhydride and formation of dipropyl- 
pimelic acid. 

Ethyl Dipropylpimelate and DipropyIpimelic Acid , 

COOH-CH(C 3 H 7 )-[CH a ] 3 -CH(OaH 7 )-OOOH. 

The crude acid obtained by the hydrolysis of ethyl dipropylpentane- 
tetracarboxylate was heated in an oil-bath at 200—220°, till all evolu¬ 
tion of carbonic anhydride had ceased, and the resulting thick, oily 
acid converted into the ethyl salt by means of alcohol and sulphuric 
acid (see p. 825). In this case it was found necessary to fraction 
the ethereal salt several times before it could be obtained pure. 
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Ethyl dipropylpimelate boils at 224—226° (100 mm.) ; it is a mode¬ 
rately thick oil of peculiar odour, closely resembling, though fainter 
than, that of ethyl pimelate. The analysis gave the following num¬ 
bers :— 

0*1484 gram substance gave 0*1434 gram H 2 0 and 0*3685 gram 


CO* 

Theory. 

CiyHggO,!* 1 otuid. 

C. 68*00 per cent. 67*73 per cent. 

H. 10*66 „ 10*74 

O. 21*33 „ 21*53 


The specific gravity of ethyl dipropylpimelate is d 4°/4° = 0*9578 ; 
d 15° 15° = 0*9495; d 25°, 25° = 0*9436, 

The magnetic rotation determinations gave— 

t. Sp. rotation. Mol. rotation. 

lfe° 0*9834 17*296 

The hydrolysis of this ethereal salt was carried out exactly as 
described under ethyl pimelate. The acid, being sparingly soluble in 
water, separated as a semi-solid mass on acidifying the solution of the 
alkaline salt; it was extracted with ether as usual, and thus obtained 
as a thick oil, which on standing became almost solid. The crystal¬ 
line cake was very carefully pressed, to remove every trace of oily 
matter, boiled with a large quantity of water, filtered, and the filtrate 
allowed to cool slowly. After standing for some time, the milky 
liquid deposited beautiful, four-sided plates; these were collected, 
dried, first on a porous plate, then at 50°, and analysed, with the fol¬ 
io wing result:— * 

01400 gram substance gave 0*1258 gram H 2 0 and 0*3290 gram 


CO* 

Theory. 

CigHsiO* Pound. 

C. 63*93 per cent. 64*00 per cent. 

H. 9*84 „ 9*98 

0 . 26*23 „ 26*02 


Dipropylpimelic acid is sparingly soluble in hot water, and there¬ 
fore by the above treatment only small quantities can he recrystallised 
at a time. It appeared interesting to fractionally crystallise the sub¬ 
stance by extracting the residual mass from each crystallisation with 
fresh quantities of boiling water, until, with the exception of a trace 
of oily impurity, all had been dissolved. In this way five fractions 

were obtained, melting respectively at 92—94°, 91—93°, 90_92°, 

87 90°, 87 89°; all these fractions on crystallisation from light 
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petroleum, melted at 95—96°, which, must be taken as the correct 
melting point of the acid, and this behaviour seems to indicate that 
the crude acid does not consist of two structural isomers. 

Dipropylpimelic acid is very sparingly soluble in cold water. 100 
parts of water at 13*5° dissolve only 0*049 part of the pure acid. 

The dissociation constant for the electrical conductivity of dipropyl¬ 
pimelic acid at different concentrations is K = 0‘0030. 

Salts of Dipropylpimelic Acid. —The silver salt , CisHaAgaO^ was 
prepared by adding silver nitrate to a moderately dilute neutral 
solution of the potassium salt. It is a white, granular precipitate, 
apparently insoluble in water. Analysis:— 

0*1710 gram substance gave 0*0759 gram H a O and 0*2142 gram 
CO*. 

0*3143 gram substance gave, on ignition, 0*1476 gram Ag. 


Theory. 

C^HwAg^Oj. Pound. 

C . 34*13 per cent. 34*33 per cent. 

H. 4*8*2 „ 4*93 


Ag. .... 47*04 ,, 46*96 „ 

A dilute neutral solution of the potassium salt shows the following 
behaviour with reagents:— 

Zinc sulphate , a white, caseous precipitate, insoluble in water. 
Lead acetate , a white, apparently crystalline precipitate, somewhat 
soluble in boiling water. Copper sulphate , a light, bluish-green pre¬ 
cipitate, insoluble in waier. Barium and calcium chlorides , no 
precipitate. 


Ethyl Diisopropylpentanetetracarboxylate , 

(COOC*H 5 )2C(C 3 H 7 )*[CH*]3*C(C3H 7 )CCOOC 2 H5) 2 . 

The method used and the quantities employed in the preparation 
of this ethereal salt were the same as in the case of the dipropyl 
compound, isopropyl iodide being substituted for propyl iodide; the 
yield of crude product was 42*5 grams. 

Ethyl diisopropylpentanetetracarboxylate boils at 250—252° 
(30 mm.). Analysis :— 

0*1648 gram substance gave 0*1335 gram H 3 0 and 0*3730 gram 


CO*. 

Theory. 

CaH^Oj,. Pound. 

C ...... 62*16 per cent. 61*73 per cent. 

H. 9*00 „ 8*99 

O . 28*83 „ 29*28 
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This ethereal salt differs from the normal propyl compound in being 
a thick syrup, which does not solidify when cooled to 0°. On hydro¬ 
lysis, it yields a solid acid, presumably the corresponding diisopropyl- 
pentanetetracarboxylic acid; it was not analysed. 

Ethyl Diisopropylpimelate atid Diisopropylpimelic Arid) 

COOH-CH(C 3 H 7 )-[CH 3 ] 3 -OH(C3H 7 )*COOH. 

In preparing this acid, the acid obtained by the hydrolysis of ethyl 
diisopropylpentanetetracarboxylate (by the method given on p. 830) 
was heated at 200° until all effervescence had ceased, and the residual 
thick, brownish acid converted into the ethyl salt by treatment with 
alcohol and sulphuric acid. Ethyl diisopropylpimelate, like the 
normal propyl derivative, must be repeatedly fractioned before it 
shows a constant boiling point. The specimen used for analysis and 
for the physical measurements boiled at 220—222° (100 mm.), or 
only about 4° lower than ethyl dipropylpimelate. 

0*1334 gram substance gave 0*1265 gram HjO and 0*3306 gram 


CO* 

Theoiy. 

Ci 7 lU> 4 . Pound. 

C. 68*00 per cent. 67*58 per cent. 

H. 10*66 „ 10*54 

0. 21*33 „ 21*88 „ 


Ethyl diisopropylpimelate is a thick, colourless oil, boiling at 
220—222° (100 mm.). Its specific gravity is d 4°/4° = 0*9651; d 15715° 
= 0*9367; <?25 Q 25°= 0*9507. 

The magnetic rotation determinations gave as an average — 

t. Sp. rotation. Mol. rotation. 

19*3° 0*9866 17*238. 

The hydrolysis of this ethereal salt, and the isolation and purifica¬ 
tion of the resulting acid, were conducted exactly as described under 
ethyl dipropylpimelate (p. S37). The various tractions obtained by 
recrystallising tbe crude acid from water melted at the following 
temperatures:—93—94°, 92—93°, 91—93°. 

These, on recrystallisation from light petroleum, melted at 96—98°, 
and gave the following numbers on analysis:— 

0*1440 gram substance gave 0*1290 gram H 3 0 and 0*3375 gram 


CO* 

Theory. 

O 13 H 24 O 4 . Pound. 

C . 63*93 per cent. 63*92 per cent. 

H. 9*84 „ 9*95 

O. 26*23 ... 26*13 
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Diisopropylpimelic acid melts at 90—98°. It is sparingly soluble 
in cold water; it is, however, about twice as soluble as the isomeric 
dipropylpimelic acid, 100 parts of water at 13*5° dissolving about 
0*096 part of the pure acid. It crystallises from its solution in 
hot, light petroleum, on coolie g, in beautiful, feathery, needle-shaped 
crystals. 

The dissociation constant for the electrical conductivity of diiso¬ 
propylpimelic acid at different concentrations is K = 0*0032. 


Ethyl Diisobutylpmtanetetracarboxylate> 

(COOC^sCCO^-tOHJo-CCC^fCOOOsHs)^ 


This ethereal salt could, no doubt, be readily obtained by treating 
the disodium compound of ethyl pentanetetracarboxylate with isobutyl 
iodide in the usual way, but it appeared to us interesting to determine 
whether the synthesis of this substance could equally well be per¬ 
formed by treating the sodium compound of ethyl isobutylmalonate 
with trimethylene bromide, thus:— 


2(COOC 3 H 5 ) 2 CNa-C 4 H 9 -r BrCH 3 *CH 3 -CH 3 Br = 

(COOCsHsJsC (C 4 H 0 ) -CHs'CHs'CHa-O (C^Hq) (COOCtH^a + 2NaBr. 

138 grams of ethyl isobutylmalonate (b. p. 228—233°) was mixed 
with a cold solution of 15 grams of sodium dissolved in 170 grams of 
absolute alcohol, 64*5 grams of trimethylene bromide added, and the 
mixture heated cautiously on a water-bath, in a flask connected with 
a reflux apparatus. The reaction sets in all at once, the liquid boils 
vigorously, and quantities of sodium bromide are deposited. After 
heating for half an hour, the neutral product was mixed with water, 
extracted three times with ether, the ethereal solution washed well 
with water, dried over calcium chloride, and evaporated; the almost 
colourless, oily residue, which weighed about 150 grams, was then 
subjected to distillation under reduced pressure (200 mm.). As soon 
as the last traces of ether had distilled over, the thermometer rose 
rapidly to 200°, between which temperatuie and 230 c about 80 grams 
passed over; the pressure was then reduced to 60 mm., when the 
residue distilled almost completely between 250° and 280°, and 
weighed 58 grams. The higher fraction was subsequently purified by 
repeated distillation under a pressure of 30 mm., when a considerable 
quantity of a colourless oil was obtained boiling constantly at 
257—263°. The analysis of this gave the following results:— 

0*1354 gram substance gave 0*1134 gram H s O and 0*3135 gram 
C0 3 . 
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Theory. 

C^H^Og. Pound. 

C . 63*56 per cent. 63*15 per cent. 

H. 9*33 „ 9*31 

O . 27*11 „ 27*54 


Ethyl diisobutvlpentanetetracarboxylate is a very thick, colourless 
oil which, on long standing, showed signs of crystallising. 

Ethyl Dlisohiitylpimelate and DiisobuiyIpimelic Acid , 

COOH-CHCCiHO-CCHJyCHCC^-OOOH. 

Ethyl diisobutylpentanetetracarboxylate is very readily hydrolysed 
by boiling with alcoholic potash, but no attempt was made to purify 
the resulting tetrabasic acid, the crude substance obtained being at 
once converted into diisobutylpimelic acid. 

52 grams of ethyl diisobutylpentanetetracarboxylate (b. p. 250—275°, 
;>0 mm.) was mixed with a solution of 40 grams of pure potassium 
hydrate dissolved in 90 per cent, methyl alcohol, the mixture boiled 
in a reflux apparatus for five hours, and evaporated to dryness; the 
residue was then dissolved in water and boiled until the last traces of 
methyl alcohol had been expelled. The alkaline solution thus ob¬ 
tained was acidified with hydrochloric acid, and the oily acid which 
separated extracted four times with pure ether. The ethereal solu¬ 
tion was dried over calcium chloride, evaporated, the crude, tetra¬ 
basic acid heated at 200—220° until the evolution of carbonic an¬ 
hydride had entirely ceased, and the residual impure diisobutyl¬ 
pimelic acid couverted into the ethyl salt in the usual way. 

Ethyl diisolutylpimelate, under a pressure of 100 mm., boils con¬ 
stantly at 235—2-37°. 

The analysis of this substance gave the following results:— 

0*1416 gram substance gave 0*1413 gram HaO and 0*3598 gram 


C0 2 . 

Theoiy. 

OigET^Oj. Pound. 

C. 69*51 per cent. 69*30 per cent. 

H. 10*98 „ 11-09 

0. 19*51 „ 19*61 


Ethyl diisobutylpimelate is a colourless oil possessing very similar 
properties to the other analogously constituted ethereal salts already 
described*. 

The specific gravity of this substance is d 4°/4° = 0*9444; d 15°/15 3 
= 0*9363; d 25°/25° a 0*9303. 

The magnetic rotation determinations gave as an average— 
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t. Sp. rotation. Hoi. rotation. 

16-1 0*9952 19*387 

The hydrolysis of this ethereal salt was carried ont as described 
under ethyl pimelate. On acidifying the alkaline solution of the 
potassium salt, the crude diisobutylpimelic acid separates as a thick, 
gummy mass, and was extracted with ether. The ethereal solution, 
after drying over calcium chloride and evaporating, deposited a thick, 
almost colourless oil which, on standing over sulphuric acid in a 
vacuum, solidified to a mass of crystals. This crude acid was roughly 
purified by contact with a porous plate, and then reciystallised from 
large quantities of boiling water. The analysis gave the following 
results:— 

0*1405 gram substance gave 0*1296 gram H 2 0 and 0*3399 gram 


C0 2 . 

Theory. 

CisHsA. Found. 

G. 06*17 per cent. 65*98 per cent. 

H. 10*28 „ 10*25 

0. 23*53 „ 23*77 


Diisobutylpimelic acid melts at about 82—84°, but not very 
sharply. 

It is very sparingly soluble in cold water; 100 parts of water at 
13*5° dissolve only about 0*038 part of the pure acid. 

The basicity of the acid was determined by titration with standard 
potassium hydrate solution. 

0*1482 gram substance required for neutralisation 0*0605 gram 
KOH. 

A bibasic acid of the formula C 13 H 28 O 4 requires theoretically 
0*0608 gram KOH. 

The dissociation constant for the electrical conductivity of diiso¬ 
butylpimelic acid could not be accurately determined owing to the 
acid being so sparingly soluble in water. 

Ethyl Dibenzyljpentanetetracarboxylate , 

(GOOC 3 H 5 ) 2 0(CH 2 -C fi H 5 )*[CH 2 ]3*C(GH 2 -C 6 H 5 )C0OO0 2 H 5 ) 2 . 

This substance was the first derivative of ethyl pentanetetracarb- 
oxylate obtained, and its method of preparation differed essentially 
from that of the derivatives subsequently investigated, and described 
in the preceding pages. The quantities taken were:— 

Ethyl pentanetetracarboxylate.. 9 grams. 

Sodium, dissolved in 15 grams of alcohol. 1*2 „ 

Benzyl chloride. 9 


99 
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The ethyl pentanetetracarboxylate was dissolved in the cold solu¬ 
tion of the sodium ethoxide, the benzyl chloride added, and the 
mixture heated for two hours in a flask connected with a reflux 
apparatus. 

At the end of this time, the product, which had become quite 
neutral, was mixed with water, distilled in steam until the excess of 
benzyl chloride had been completely removed, and the residue 
extracted with ether. The ethereal solution was dried over anhydr¬ 
ous potassium carbonate, evaporated, and the thick, oily residue 
allowed to stand over sulphuric acid in a vacuum until it had com¬ 
pletely solidified. The crystalline cake was then freed from oily 
matter by spreading it on a porous plate, rapidly washed with small 
quantities of methyl alcohol on a filter-pump, and the white, granular 
residue dried over sulphuric acid in a vacuum. The analysis gave 
the following result:— 

01588 gram substance gave 01063 gram H 2 0 and 0*3986 gram 

00 ,. 

Theory. 

C sl H 4 oO s Found. 

C .. -. 68*88 per cent. 68*46 per cent. 


H. 7*41 „ 7*43 

0. 23*70 „ 24*11 


Ethyl dibenzylpentanetetracarboxylate melts at about 75—77°, and 
when once melted, it often remains for some days as a very thick, 
semi-solid, transparent mass, which, however, when rubbed with a 
rod moistened with methyl alcohol, at once solidifies. It is readily 
soluble in the usual organic solvents. 


Dibenzylpentanetetracarboxylic Acid , 

(COOH) s C(OH 2 -C 6 H 5 )-[CH 2 >C(CH,-0 6 H 5 )CCOOH) 3 . 

In order to obtain this acid, the pure ethereal salt (10 grams) 
was hydrolysed by boiling with excess of methyl alcoholic potash 
(10 grams T£OH) for two hours in a reflux apparatus. The excess 
of alcohol was distilled off, the product dissolved in water, evaporated 
on a water-bath till quite free from alcohol, filtered, and acidified 
with hydrochloric acid. The thick, gummy mass which separated 
waB extracted four times with ether, the ethereal solution well dried 
over calcium chloride, evaporated, and the thick, oily residue allowed 
to stand until it had completely solidified. The solid cake thus 
obtained was roughly purified by spreading it on a porous plate, the 
cmde, yellowish-white acid ground up in a mortar with pure ether, 
and subsequently washed on a filter-pump with this solvent until the 
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residual acid was perfectly white. The product consists of pure 
dibenzylpentanetetracarboxylic acid, as is shown by the following 
analysis:— 

0*1586 gram substance gave 0*0794 gram H 2 0 and 0*3728 gram 


C0 2 . 

Theorv. 

CvjH^Os. Pound. 

C. 64*48 per cent. 64*16 per cent. 

H. 5*61 „ 5 55 

0 . 29*90 „ 30 29 


Dibenzylpentanetetracarboxylic acid decomposes at about 205—207° 
with evolution of carbonic anhydride and formation of dibenzyl- 
pimelic acid:— 

(COOH) 2 (CH 2 -O fa H 0 )C*CCH 3 ] 3 *C(CH 3 -0 6 H 0 )(COOH)> = 

COOH*OH(OH 3 *C 6 H5)*[OH 2 ] 3 -CH(CH 3 *O b H 5 )-COOH + 200.. 

The basicity of the acid was determined by titration with standard 
potassium hydrate solution. 

0*0972 gram acid required for neutralisation 0*0488 gram KOH. 

A tetrabasic acid of the formula requires 0*0509 gram 

KOH. 

Salts of Dibenzylpentanetetracarboxylic Add .—The silver salt 7 
CyjHaoAgiOa, was prepared from a dilute neutral solution of the 
ammonium salt by the addition of a large excess of silver nitrate 
solution, the whole being well shaken during the operation. The 
white, insoluble precipitate thus obtained, after being well washed 
with water, and dried over sulphuric acid in a vacuum, gave the fol¬ 
low ing results on analysis:— 

0*1667 gram substance gave 0*0406 gram H 2 0, 0*1938 gram C0 3 , 
and 0*0842 gram Ag. 

Theory. 

CJEIaoAgiOa. Pound. 

0 . 32*32 per cent. 31*70 per cent. 

H. 2*34 „ 2*70 

Ag. 50*35 „ 50*50 

A dilute neutral solution of the ammonium salt shows the follow*- 
ing behaviour with reagents :— 

Copper acetate , a bright-blue precipitate, sparingly soluble in water; 
on boiling with water, the precipitate becomes almost white. Caldum 
chloride , no precipitate in the cold, but on boiling, the calcium salt 
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separates as a white, crystalline precipitate. Barium chloride , no 
precipitate. Zinc sulphate and lead acetate , white, amorphous pre¬ 
cipitates insoluble in water. 


Iiibenzy Ipimelic Acid , 

COOH-CH(CH 2 *C 6 H 5 )-CCH 3 ]3-OH(GH 3 -C 6 H5)-COOH. 

This acid is produced when dibenzylpentanetetracarboxylic acid is 
heated at 200—220° until the evolution of carbonic anhydride has 
completely ceased. The resulting brownish resin can only with diffi¬ 
culty be obtained in a crystalline condition; the purification of this 
crude product may, however, be readily accomplished in the follow¬ 
ing way:—The crude acid is dissolved in an excess of a warm, dilute 
solution of barium hydroxide, heated to boiling, and a current of 
carbonic anhydride passed until the excess of alkali has been re¬ 
moved. The product is filtered, the precipitated barium carbonate 
well washed, and the colourless filtrate evaporated until a rag-sg of 
crystals of the barium salt of the acid separates from the boiling 
solution; these are rapidly collected, washed with a little boiling 
water on the filter-pump (the salt is more soluble in cold than hot 
water), and drained on a porous plate. The mother liquors, on 
continued evaporation, deposit a further crop of crystals, which are 
collected in the same manner. The colourless, glistening mass of 
crystals is dissolved in water, acidified with hydrochloric acid, the 
precipitated acid extracted with ether, and the ethereal solution dried 
over calcium chloride and evaporated; as the evaporation proceeds, 
crystals separate; these are collected, freed from a trace of oily 
imparity by spreading on a porous plate, and then recrystallised 
from a mixture of equal parts of benzene and light petroleum. In 
this way, beautiful, glistening, prismatic crystals are obtained which, 
as the analyses show, consist of pure dibenzylpimelic acid:_ 


I. 0*1572 gram substance gave 0*1002 gram H*0 and 0*4265 gram 

COj. 

II. 0*1355 gram substance gave 0*0888 gram H,0 and 0*3688 gram 

COj. 

III. 0*1384 gram substance gave 0*0394 gram H a O and 0*3758 gram 
CO®. 


H. 

O. 


Theory. 

c ;i h 24 o 4 . 


Found, 

£ 

11 . 

74*12 p. c. 

73-99 

74-23 

7-06 „ 

7-08 

7-28 

18-82 „ 

18-93 

18-49 


in. 

74*05 p. c . 
7*17 „ 
18*78 „ 
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Dibenzylpimelic acid melts at 120 ° with, slight previous softening; 
it is readily soluble in bob benzene, ether, and alcohol, sparingly in 
light petroleum. 

The dissociation constant for the electrical conductivity of dibenzyl¬ 
pimelic acid at different concentrations is K = 0*0040. 

Salts of Dibenzylpimelic Acid .—The barium salt y GaBUBaOi + 
3H 2 0(P), is readily prepared by dissolving the pure acid in a solution 
of barium hydroxide, removing the excess of the latter by passing 
carbonic anhydride, and evaporating the solution as described above. 
It is more soluble in cold than in hot water, and separates in pearly 
plates on boiling its cold concentrated solution. 

The analysis of the air-dry salt gave the following results:— 

I. 0*5748 gram substance, heated at 100° until constant, lost 0*056 
gram H 2 0, and the residue, heated with sulphuric acid, gave 
0*2554 gram BaS0 4 . 

II. 0*4117 gram substance, heated at 100° till constant, lost 0*0401 
gram H s O. 

Theory. 

+ 3H2O. 

Ba. 25*90 per cent. 

H a O . 10*21 

This salt appears to lose some of its water of crystallisation on long 
standing in the air. 

A moderately dilute neutral solution of the potassium salt shows 
the following behaviour with reagents:— 

Barium chloride , on boiling, a white precipitate, sparingly soluble 
in hot water, but more soluble in cold water. Calcium chloride , no 
precipitate in the cold, but, on boiling, a white calcium salt separates 
which redissolves on cooling. Zinc acetate, a white, caseous pre¬ 
cipitate, sparingly soluble in water. Copper acetate , a beautiful light*- 
blue precipitate, insoluble in water. Lead acetate , a white, amorph¬ 
ous, very sparingly soluble precipitate. 

Attempt to Prepare Monobenzylpimelic Acid\ 
COOH-OHCOH^O^-tOHsVOH^GOOH. 

Li the preceding pages the preparation of some disubstituted de¬ 
rivatives of pimelic acid from the disodium compound of ethyl 
pentanetetracarboxylate has been described, and it appeared to us of 
interest to determine whether by employing the monosodium com¬ 
pound of this ethereal salt, monosubstituted derivatives such as 
monomefchyl- and monobenzyl-pimelie acids would also be obtained. 
The example selected was the preparation of monobenzylpimelic acid, 

vol. lix. 3 sr 


Found. 



26*10 — per cent. 

9*70 9*74 
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as it was thought probable that the reaction conld be more readily 
followed in this case than in the case of the lower homologues. 

9 grams of ethyl pentanetetracarboxylate (1 mol.) was mixed with 
a solution of 0*6 gram of sodium (1 mol.) in absolute alcohol, 4 grams 
of benzyl chloride (1 mol.) added, and the mixture heated in a reflux 
apparatus for two hours. The product was then diluted with water, 
extracted with ether, and the ethereal solution washed well, dried over 
calcium chloride, and evaporated. In this way, 11 grams of a yellowish 
oil was obtained, which, even on long standing over sulphuric acid in 
a vacuum, did not crystallise, although a distinct scum formed on the 
surface. 

The ethereal salt was hydrolysed by boiling with a methyl alcoholic 
solution of 11 grams of potassium hydrate for two hours, the alcohol 
removed by evaporation with the addition of water, and the cold 
alkaline solution acidified with dilute hydrochloric acid. The thick, 
resinous mass which separated was extracted ten times with ether, the 
ethereal solution dried over calcium chloride, evaporated, and the 
transparent, resinous mass, which, even after standing for some days 
over sulphuric acid in a vacuum, showed no signs of crystallising, 
was stirred well with warm water of 40°. In a short time the mass 
began to get hard and opaque, and on constantly changing the water 
a solid mass was ultimately obtained. This was dried on a porous 
plate at the ordinary temperature, ground up in a mortar with, pure 
ether, and the insoluble tetracarhoxylic acid which separates washed 
on a filter pump with small quantities of ether until it had become 
perfectly colourless. 

The analysis of the substance, dried over sulphuric acid in a 
vacuum, gave:— 

0*1376 gram substance gave 0*0744 gram H s O and 0*3239 gram 
H a O. 

Theory. 

Monobenzylpentane- Dibenzylpentane- 
totracarboxylic acid tetracarboxylie add 

“ ^lsHigOg. — OgH^Og. Pound. 


C. 56-80 p. c. 64-48 p. c. 64*20 p. c. 

H. 5-38 „ 5-61 „ 6-01 „ 

0. 37-87 „ 29-90 „ 29*79 „ 


Dibetnylpentanetetiacarboxylie acid had therefore been formed in 
thiB reaction instead of the monobenzyl derivative. This interesting 
point was confirmed by an investigation of the properties of the acid, 
and an analysis of the silver salt:— 

0-2120 gram of the dry silver salt gave on ignition 01063 gram 

Ag. 
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Theory. 

CrjHso-lgA. Pound. 

Ag. 5035 per cent. 50*14 per cent. 

In order, if possible, to further follow the course of this reaction, the 
aqueous extract of the crude dibenzylpentanetetracarboxylic acid (see 
above) was carefully examined. Th e combined extracts were neutralised, 
with sodium hydrate, evaporated to a small bulk, acidified, extracted 
with pure ether, the ethereal solution dried over calcium chloride and 
evaporated, and the residual, thick, yellow oil allowed to stand for 
some days over sulphuric acid in a vacuum. As the oil showed no signs 
of crystallising, it was transferred to a flask, and heated in an oil-bath 
at 220° until the evolution of carbonic anhydride had ceased. The re¬ 
sidual, dark-coloured acid was then dissolved in dilute sodium hydrate 
solution, boiled for two hours with freshly-ignited animal charcoal, 
and filtered. The almost colourless alkaline solution was evaporated 
to a small bulk, acidified, extracted five times -with ether, the ethereal 
solution dried over calcium chloride, evaporated, and the oily residue 
set aside until it had completely solidified. The crude product, which 
showed the properties of pimelic acid, was roughly purified by spreading 
it on a porous plate, then converted into the calcium salt, and this 
salt, after recrystallisation, decomposed with hydrochloric acid, and 
the resulting acid finally recrystallised from benzene. 

The white, crystalline powder thus obtained melted at 100—102° 
and consisted of pure pimelic acid, as is shown by the following 
analysis:— 


0*1322 gram substance gave 0*0908 gram HsO and 0*2542 gram 
C0 2 . 


Theory. 

COOH* [CHJ^COOH. Pound. 


0 . 52*50 per cent. 52*44 per cent. 

H. 7*50 „ 7*63 

O. 40*00 „ 39*93 


This experiment proves that, under the conditions employed, ethyl 
monobenzylpentanetetracarboxylate is not formed, the reaction, on the 
contrary, giving rise to the production of ethyl dibenzylpentanetetra- 
carboxylate; one half of the ethyl pentanetetracarboxylate either 
takes no part whatever in the decomposition or is regenerated from 
the monosodium compound, as shown in the introduction. 


3 h 2 
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Action of Bengal Chloride on the JDisodiiwi Compound of Ethyl Pentane- 
tetracarboxylaie. Formation of JDibenzalp imelic Acid , 

cooh-C(:oh-OsH,)-[ch 3 ] s *c(:ch-c 6 Ho)-oooh. 

This remarkable reaction was first instituted with the object of 
preparing phenylhexamethylene derivatives, as explained in the 
introduction. 9 grains of ethyl pentanetetracarboxylate was dissolved 
in a solution of 1'2 grains of sodium in SO grains of absolute alcohol, 
4 2 grams of benzal chloride added, and the mixture heated for 
five hours in a flask connected with a reflux apparatus. The product 
was then mixed with water, extracted with ether, the ethereal solu¬ 
tion washed with water, and evaporated, and the residual thick, 
yellowish oil hydrolysed by boiling it with twice the calculated 
quantity of methyl alcoholic potash for three hours. The alcohol 
was removed by mixing the product with water and boiling vigor¬ 
ously, the cold alkaline solution acidified with hydrochloric acid, 
and the resinous precipitate extracted with ether. The ethereal solu¬ 
tion was then evaporated, and the yellow, oily residue stirred for two 
days with fresh quantities of water, until it had become quite solid. 

The very crude acid thus obtained was collected, washed with 
water, allowed to dry on a porous plate, and then heated at 200—220% 
until the evolution of carbonic anhydride had ceased. The dark- 
brown residue was dissolved in dilute sodium hydrate, and the solu¬ 
tion boiled with freshly-ignited animal charcoal, by which means a 
quantity of impurity was removed; the acid was then reprecipitated 
with hydrochloric acid, washed well, and allowed to dry on a porous 
plate. The thoroughly dry, dark-yellow substance was ground up in 
a mortar, exhausted three times with boiling benzene, the residue dis¬ 
solved in methyl alcohol, and the solution allowed to evaporate nearly 
to diyneBs at the ordinary temperature. 

The crystals which were deposited were collected, washed with 
methyl alcohol, recrystallised twice from this solvent, and the magni¬ 
ficent, glistening prisms thus obtained analysed, with the following 
result:— 

I. 0*1192 gram substance gave 0’0672 gram H 2 0 and 0*3270 gram 
CO a . 

n. 0*1521 gram substance gave 0 0834 gram H 3 0 and 0*4183 gram 
CO*. 


Found. 

Theory. . 

L II. 

0 . 75-00 per cent. 74 81 75-00 per cent. 

H. 5-95 „ 6-26 6 09 „ 

0. 19-05 „ 18-93 18-91 
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Dibenzalpimelic acid melts at 192—198°. It is readily soluble in 
hot ethyl and methyl alcohol, sparingly in chloroform and carbon 
bisulphide, and only very sparingly in benzene, toluene, light petr¬ 
oleum, and water. When strongly heated in small quantities in a 
test-tube, the acjd distils with apparently very little decomposition, 
and the slightly yellowish distillate solidifies completely on rubbing 
with a glass rod. Dibenzalpimelic acid, being an unsaturated acid, is 
instantly oxidised by potassium permanganate in alkaline solution, 
and at the same time a very strong odour of benzaldehyde is 
noticeable. 

The basicity of the acid was determined first by titration with a 
standard solution of potassium hydrate:— 

0*1264 gram of the pure acid required for neutralisation 0*0425 gram 
KOH. 

This amount of a bibasic acid of the formula C21H20O4 requires 
0*0421 gram KOH. 

Salts of DibenzaIpimelic Acid. —The silver salt , OaiH ie 04Ag2, was 
prepared by adding silver nitrate to a neutral solution of the potas¬ 
sium salt. The white, amorphous precipitate thus produced was 
collected, washed with water, dried over sulphuric acid on a poi*oub 
plate, and analysed, with the following result:— 

0*1990 gram substance gave 0*0586 gram H s O and 0*3314 gram 
C0 2 . 

0*3108 gram substance gave on ignition 0*1232 gram Ag. 


Theory. 

C2 1 H 18 0 4 Ag 3 . Pound. 

0 45*90 per cent. 45*42 per cent. 

H. 3*28 „ 3*27 

Ag. 39*16 „ 39*63 


The neutral solution of the potassium salt gives, with solutions of 
barium chloride , calcium chloride , zinc sulphate , and lead acetate , 
white, amorphous precipitates, almost insoluble in water. Copper 
sulphate gives a fine, pale-blue, amorphous precipitate, almost insoluble 
m water. 

Tn order, if possible, to obtain some further clue to the formation of 
dibenzalpimelic acid in the above decomposition, the aqueous liquors 
from the hydrolysis of the crude product of the reaction, from which 
the crude dibenzalpimelic acid had been precipitated by hydrochloric 
acid, as described above, were extracted five times with ether, the 
ethereal extract carefully dried over calcium chloride and evaporated. 
A small quantity of an oily acid was thus obtained, which, after 
purification by conversion into the calcium salt and recrystallisation 
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from benzene, melted at 100—102 c . and showed all the properties of 
pimelie acid. There could be no doubt as to its identity, although 
the quantity was too small for analysis. 

It appears, therefore, that in this decomposition some ethyl 
pentanefcetracarboxylate is regenerated, which, on hydrolysis and sub¬ 
sequent heating at 200°, is converted into pimelie acid. 

For convenience of reference we append, in tabular form, the 
principal properties of the substances described in this paper. 

Feidandctnicarboxylic Add and its Derivatives . 


| Decomposing Boiling point of 
point. ethyl salt (30 mm.). 


Peutanetetraearboijln auid. Abo've 120 r , 230—235° 

PunethylpentanetetraL arbox’v he acid.. 200—205 n 238—240 3 

Diethylpentanetetnicarboxylic acid ........ 192—195 r i 247° 

Dipropylpentaneteh'acarboxTlic acid....... — t 253—256 3 

I (IX. p. *52—54°) 

l)iisopropylpentanetetraearboi\ lie acid. — i 250—252f 

Dii&obutylpentanetetraearboxyiic acid...... — | 257—263° 

Dibenzylpentanetetracarboxylic acid.. 205—207 c (II. p. = 75— 7T) 

Dibxomopentanetetracarboxylic acid.. — (ML p. = 45°). 
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LXXYIII.— The Synthetical Formation of Closed Carbon Chaim . 
Part I (continued). The Action of Ethylene Bromide on the Sodium 
Compounds of Ethyl Acetoacetate and Ethyl Bensoylacetate. 

By T. Rhamer Warshali, D.Sc., and W. H. Perkix, Jnn., Ph.D., 

F.R.S. 


lx the study of the synthetical formation of closed carbon chains, 
one of the most difficult problems has been the determination of tbe 

constitution of those substances which are produced when ethylene_ 

bromide reacts with the sodium compounds of ethyl malonate, ethyl 
acetoacetate, and ethyl benzoylacetate. 

Taking in the iirst place the product of the action of ethylene 
bromide on the sodium compound of ethyl malonate, this substance 
may be represented either as ethyl trimethylenedicarboxylate (Perkin, 
Trans., 1885, 47, 807; lbb7, 51, 849; Per., 17, 54), or as eth}l 
vinylmalonate (Fittig, Boeder, Ber., 16, 372) : 

I. (COOC^jCNas + C,H 4 Br 2 = (COOC,H 5 ).C<^-+ 2NaBr. 

II. (COOCjH 5 ) 3 CNao + CABr, = (OOOO^sOH-OKOH, + 

2KaBr. 

The difficulty in distinguishing between these formulae lies in the 
fact that the acid obtained from this ethereal salt by hydrolysis 
behaves in some respects as an unsaturated acid, whereas in other 
respects its reactions point to its being a saturated substance. The 
careful study of the chemical properties and the magnetic rotation 
of the ethereal salt has, however, left scarcely any doubt that this 
substance is, in reality, ethyl trimethylenedicarboxylate, and this 
view of its constitution has received additional support from the very 
interesting work of Buchner on trimethylene derivatives ( Synthesen 
von Fyrazob, Fyrazolin - und Trimethylen-derivaien mittels Diaso - 
rssigather: HabiliiationsschrifU Munchen, 1891). 

Baeyer’s permanganate test, which of late has come so much into 
prominence, has been applied by Buchner as a means of discriminating 
between trimethylene derivatives and unsaturated substances. 

This test is based on the fact, first observed by Baeyer ( Annalen , 
245, 146), that dilute alkaline solutions of unsaturated acids 
decolorise potassium permanganate instantly, whereas in the case of 
saturated acids, the pink colour often remains unchanged for days. 
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Buchner thus found that trimethylenedicarboxylie acid, and in fact 
all the trimethylenecarboxylic acids as yet described, behave as 
saturated substances, and therefore cannot be vinyl derivatives. 

Turning now to the product of the action of ethylene bromide on 
the sodium derivative of ethyl acetoacetate, the problem of assigning 
the correct constitution to this substance is found to he much more 
difficult. 

The reaction in question undoubtedly proceeds as follows:— 

2CH 3 *CO*CHNa*COO C 3 H 5 *+■ CySiBrs = C&H^Oa + 

CH 3 *CO-CH 3 -COOC 2 H 5 + 2NaBr. 


There are four formulae which may be devised to represent the con¬ 
stitution of this ethereal salt C b Hi 2 0 3 , namely:— 


COOC Hj cHi 

I- CO^^^CH 3 ' ^hyl acetylirimethjleuecarboxylate. 


h. C ^‘>ch.ch:ch, 

m cooc,h 5 -g:c(ch s ) >0 
oh 2 • ch 3 


Ethyl vinylacetoacetate. 

Ethyl methyldehydrojpen tortecarboxyl- 
ate. 


7V oooaH 5 -CH-c(:cH 3 ). n M 7 _ 7 7 _ 7 , . , 

tV. 1 v '>0. Ethyl rnethylenetetraliydrofwrfur- 

Cxt#-CII 3 

anearboxylate . 


The formation of the compounds represented in I and II corresponds 
with the formation of ethyl trimethylenediearboxylate and ethyl 
vinylmalonate respectively, as represented by the equations at the 
commencement of this paper. 

Ethyl methyldehydropentonecarboxylate (III) would be produced 
as follows:— 


Cff/CO-CHNa* COO C 2 H 5 + C 3 H 4 Br 3 = 

CH 3 *CO-CH(OH 3 -OH 3 Br)-OOOC 3 H a + NaBr. 

Ethyl w-hromethylacetoacetate. 

This intermediate product, under the influence of a second mole¬ 
cule of ethyl sodacetoaeetate, loses 1 mol. of hydrogen bromide, 
thus:— 

CHj<?O*0H(0H 3 *0H 3 Br)-C00C 3 H 5 = 

CH«-0(OH):C (CHs'OHJBr) -COOCsHs = 

Labile form. 

COOC 3 H$“CIG (CH 3 ) 


6^ ck > 0 + ^ 
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a reaction which is similar to that which has been proved to take 
place between ethyl sodacetoaeetate and trimethylene bromide (Trans., 
1887, 51, 702—727 ; Lipp, Ber ., 18, 3277). 

Ethyl methylenetetrahydrofurfurancarboxylate (IY) may be sup¬ 
posed to be produced from ethyl w-bromethylacetoacetate in the fol¬ 
lowing way:— 

0H 3 -C0-0H(0H s -0H 3 Br)-0000 a H 5 = 

CH 2 :C(OH)*OH(CH 3 *OH 3 Br)*COOO s H a = 

Labile form. 


cooo>h 5 -ch-C(:ch 8 ) 
oh 3 — ch 2 


>0 -f HBr. 


In previous investigations (Perkin, Trans., 1885, 47, 801; Freer 
and Perkin, Trans., 1887, 51, 820), experiments on the behaviour of 
the ethereal salt CgHisOa, and the corresponding acid CeHsO*, under 
the influence of various reagents, were described, and the results 
thus obtained were shown to lead to the conclusion that this ethereal 
salt consisted for the most part of ethyl acetyltrimethylenecarboxylate 
mixed with varying, but usually very small, quantities of ethyl methyl- 
dehydropentonecarboxylate. 

Subsequently Lipp (Per., 22, 1210; compare Colman and Peikin, 
Trans., 1889, 55, 358) repeated these experiments, and came to the 
conclusion that this ethereal salt was ethyl methylenetetrahydrof ur- 
fnrancarboxvlate,* and could not possibly be ethyl acetyltrimethylene¬ 
carboxylate. 

Owing to these conflicting opinions, it appeared to us that it would 
be interesting to still further investigate the subject, and in doing so 
we have obtained a number of results, which, as we believe, conclu¬ 
sively prove that this ethereal salt CsH^Oa is (as was already 
suggested by Freer and Perkin) a mixture of ethyl acetyltrimethylene¬ 
carboxylate and ethyl methyldehydrop entonecarboxylate, the former 
as a rule largely predominating. 

In discussing the question of the constitution of these substances, it 
will perhaps be best to take each of the possible formulae separately, 
and then, by submitting it to the test of experimental evidence, to 
endeavour to discriminate between them. 

As already stated, the ethereal salt C b Hi 3 0 3 undoubtedly contains 
traces of a second substance, but, for the sake of simplicity, the pre- 


cooca-ch-c(:ch 3 K 

* Lipp names the substance ^^ >0 “ethyl tnhydro- 

methylenefurfurancarboxylate; ” but an examination of tbe formula reveals at 
once the fact tbat this substance is a derivative of tetrahydrofurfuran, 
CH 2 -CH 2 . 

OH -OH ethyl methyleneterrahydrofurfurancarboxylate. 
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sexice of tliis substance may in the meantime be left out of consider¬ 
ation without in the least affecting 1 the question of the constitution of 
the ethereal salt itself. 

Firstly then, this ethereal salt CsH 12 0 3 cannot be ethyl vinylacero - 
acetate, CH/CO-CHCCHIOHO-OOOOsHs, because— 

1. On hydrolysis, it yields the corresponding acid, CaHsOs, without 
decomposition (Trans., 1885, 47, 831). Ethyl vinylacetoacetate 
would, under similar conditions, act presumably like all other mono- 
subbtituted derivatives of ethyl acetoacetate, and be completely 
decomposed into vinylacetone and acetic and vinylacetic acids:— 

2CH 3 -CO-CH(CH:CHo>COOC 3 H 5 + 4KOH = OHa-OO-OHs-CHlOE. 
+ CHjICH-CHs'COOK + CH^-COOK + KsCOs -t- 2C 2 H 6 *OH. 

(Compare hydrolysis of ethyl allylacetoacetate.) 

2. Ethyl vinylacetoacetate, being a monosubstituted derivative of 
ethyl acetoacetate, should, when treated with sodium ethylate and an 
alkyl iodide such as isoamyl iodide, yield a higher homologne, e.g., 
ethyl isoamylvinylacetoacetate, thus:— 

CH a -CO-CNa(CH:CH 2 )-COOC 3 H 6 + C 6 H U I = 

CH 3 -CO-C(C5HuXCH:CH 2 )*COOC 2 H5 + HaL 

Similarly, ethyl ethylacetoacetate, when treated with sodium 
ethylate and ethylene bromide, should yield ethyl ethylvinylaceto- 
acetate, which shotdd possess properties similar to those of the ethereal 
salt CsH :2 0 : — 

2CH 4 -CO-C]Sra(C 3 H 5 )-COOC.H 5 + C 2 H 4 Br 2 = 

ch 3 -co-c(c 3 h 5 xch:ch 2 )-cooc 2 h 5 + ch 3 -co-ch(c 2 h 5 >cooc 2 h 5 

■+■ 2NaBr. 

Neither of these reactions was found to take place on instituting 
the experiments. 

3. Baeyer’s permanganate test shows the acid CaH 6 0 3 to he a satu¬ 
rated acid, whereas vinylacetoacetic acid is unsaturated. 

4 The magnetic rotation of the pure ethereal salt CJBksOs is 8*11)8, 
whereas the magnetic rotation of ethyl vinylacetoacetate (calculated 
from that of ethyl allylacetoacetate) would be 9*360 (Trans., 1887, 51, 
822,823,828). 

Secondly. The substance C b H 12 O lJ cannot bo the ethereal salt of 
methyldehydropentonecarboxylic acid, because this acid has beeu 
prepared by us, and differs very widely from the acid C«H 8 0 3 obtained 
by the hydrolysis of the ethereal salt CsHisOs, as is seen from the 
following table:— 
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Acid C fl H s O a . 


yLethyldehydropentonecarhoxylic Acid. 


Oil. 1 

Miscible with water. i 

Gives with hydroxy la mine an oxime, 
C 6 H 9 N0 3 . 

On distillation yields acetyltrimethylene, 
b. p. 112°, which is not acted on by 
water. 

I 

Is not oxidised by potassium permangan- ( 
ate in dilute alkaline solution. 


White crystals, m. p. 150°. 

Only moderately soluble in water. 

Is not acted on by hydroxylamine. 

On distillation yields methyldehydro- 
pentone, b. p. 82°, which, in contact 
with water is converted into aceto¬ 
propyl alcohol. 

The dilute alkaline solution of this acid 
reduces potassium permanganate in¬ 
stantly. 


That the acid described above as methyldehydropentonecarboxylic 
acid has the constitution represented by the formula 

cooh-c:ccch 3 ) 

ch 3 -ch 2 >u 

is rendered extremely probable by the following considerations:— 

This acid, on distillation, yields methyldehydropentone and carbon 
dioxide. Methyldehydropentone dissolves in water, and is converted 
into acetopropyl alcohol; it is therefore the anhydride of acetopropyl 
alcohol, and the acid must be the carboxylic acid of the anhydride of 
acetopropyl alcohol. 

In forming an internal anhydride, acetopropyl alcohol can lose the 
elements of water in two ways:— 

I. CH 3 -CO-CH 2 -CH 3 -CH 3 -OH = CH 3 -C(OE):CH-CH 2 -CH 2 -OH = 

Labile form. 

+ h 2 o. 

IT. CH 3 -CO-CH 2 -CH,-CH 3 ’OH = CH 2 :C(OH)-CH 2 -CH 2 -CH 2 -OH = 

Labile form. 

ob^-oh.-.jb, 

O-CH, 

Apart from the improbable nature of the process, which, as far as 
we know, is without analogy, the reaction II, involving the partici¬ 
pation of the methyl group in the anhydride formation, is unlikely for 
several reasons, especially as a similar internal anhydride is formed 
from benzoylpropyl alcohol, CsHs'CO'CH^CH^CHa'OII (Trans., 1887, 
57, 888). 

In this communication we shall therefore assume that the formula 
given above to methyldehydropentonecarboxylic acid is correct. 


CHyC:CE>GH* 

0-CHj 
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Thirdly. The substance CJH 1 SO 3 cannot be the ethereal salt of 
metbylenetetrahydrofurfurancarboxylic acid, because:— 

1 . All fuifurancarboxylic acids hitherto investigated in cold dilute 
alkaline solution instantly decolorise potassium permanganate solution 
(Baeyer, Ammlen, 256, 193), whereas the acid C 6 H 8 0 3 is not oxidised 
by permanganate undei* these conditions. 

2. The acid C b H b 0 3 is a ketonie acid, because when treated with 
hydroxylamine it yields an oxime, C 6 H 0 NO 3 . 

3. The acid C 6 H b 0 3 , on reduction, takes up in the first place 
2 atoms of hydrogen, yielding an acid of the formula CJEfioOs, which, 
on farther reduction, is converted into a-ethyl-/J-hydroxybutyric acid, 
CH;CH(0H)-CH(C 2 H 3 )'C00H. 

This reaction, it appears to us, cannot be explained in any simple 
manner on the assumption that the acid C 6 H s 0 3 is methylenetetra- 
hydrofurfurancarboxylic acid. 

Similarly, the substance C 4 HbO, which is produced from the acid 
C«H h Os by the elimination of carbon dioxide, is a ketone yielding an 
oxime, C 5 H 9 NO; this ketone, on reduction, is converted into methyl- 
propylcarbinol. These two facts show that it cannot be methylene- 

dihydrofnrfnran, C ^ C ^>0. 

Fourthly. The following considerations prove, as it appears to us, 
that the acid C 6 H b 0 3 is acetyltrimethylenecarboxylic acid. 



and that the original ethereal salt CJE 12 O 3 is therefore ethyl acetyl- 
trimethylenecarboxylate. 

1. It is a monobasic ketonie acid, and as such yields an oxime, 
Ct,H 9 N0 o . On reduction it is converted into hydroxyethyltrimethyl- 


eneearboxylie acid, 


COOH 


OH, 


CH 3 -CH 


(oh>> c < 6 h; 


2. It is a saturated acid, as is shown by Baeyer’s permanganate 
test. 


3. On distillation, it is converted into acetyltiimethylene with 
elimination of carbon dioxide: 


CHf CO 
COOH 


>°<S= oh ‘- co - oh <S 


+ oo s . 


Acetyltrimethylene is a ketone; it dissolves readily in sodium 
hydrogen sulphite solution, and when treated with hydroxylamine 
yields a beautifully crystalline oxime, C5H9NO. 

4. It is also interesting to note that the above-mentioned substances 
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show some remarkable reactions which are analogous to those first 
noticed in the case of trimethylene and trimethylenedicarboxylic 
acid. 

Thus acetyltrimethylene, in contact with fuming hydrobromic acicl, 
is converted quantitatively into acetopropyl bromide: 

CH,-CO-CH<^ + HBr = CH J -CO-OH a -CH a *CH a Br. 

When heated with dilute hydrochloric acid at 100°, acetyltri¬ 
methylene is hydrolysed with formation of acetopropyl alcohol: 

PIT 

CH 3 -COCH<Y - + HnO = CH 3 -CO-CH 2 -CH 2 -CH 2 -OH. 

GJdL 2 

Ethyl acetyltrimethyleneearboxylate dissolves readily in fuming 
hydrobromic acid with formation of ethyl w-bromethylacetoacetate: 

+ “ C o^> OH - OH *-° H - B '- 

Acetyltrimethylenecarboxylic acid, on prolonged boiling with water, 
is converted into acetopropyl alcohol, with elimination of carbon 
dioxide: 

<2£*Kg + H s o = ch 8 .co.ch,ch,oh.oh + CO,. 

Reactions similar to the above have been noticed in the case of 
trimethylenedicarboxylic acid. Fittig and Boeder 16, 2592) 

have shown that this acid in contact with hydrobromic acid yields 
fti-bromethylmalonic acid, and that when digested with dilute sulph¬ 
uric acid, it is converted into butyrolactone with evolution of carbon 
dioxide:— 


COOC3H5 CH 2 

ch 3 -co^ 


^ 3 >C(C00H) a + HBr = CH 3 Br-CH a -CH(COOH)> 

jg a >C(COOH), + HjO = OH’CH^CHj’CHj'COOH + CO> 

OH-CH.*CH a -CH a -COOH = 9 Ha ' CHst ~ 9^ a + Ha O. 

Again, trimethylene itself is readily acted on by hydrobromic acid, 
yielding propyl bromide: 

jg>0* + HBr = CHj-CHa-CHjBr, 
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and Gustav&on (J. pr. Chem. [2], 36, 300) has lately made the inte¬ 
resting observation that trimethylene in contact with sulphuric acid 
is converted into propyl alcohol: 

$L? 2 >CH 5 + H,0 = CH a *CHj-CHj*OH. 


It will thus be seen that acetyltrimethylenecarboxylic acid and 
acetyltrimethylene show the reactions of trimethylene deiivatives. 

Lipp (Ber.> 22, 1210) objects to these substances beinsr represented 
as trimethylene deiivatives, principally on the ground that aceto- 
propyl bromide, when treated with solid potassium hydrate, yields a 
substance boiling at 110—111° which is isomeric with methylde- 
hydropentone, and which he suggests is identical with our acetyl¬ 
trimethylene. This decomposition he formulates thus:— 


CH/C0-CH 2 -CH s -CH>Br = CH^CCOHJ-OH.-CHo-CHJBr = 


This substance (metbylenetetrahydrofurfm*an) combines with 
phenylhydrazine, and Lipp therefore at once concludes that this pro¬ 
perty can no longer he accepted as final in distinguishing ketones 
from fnrfnran derivatives, and that, moreover, the experiment proves 
that the whole series of snbstances described by us as trimethylene 
derivatives are in reality tetrahydrofuifurau derivatives. 

But Lipp has overlooked the fact that the decomposition of aceto- 
propyl bromide by potassium hydrate may also he represented by 
either of the following equations:— 

I. CH/CO-CHj-CH,*CH 2 Br = CHj-CO-CH.CHrCH, + HBr, 

n. CH^CO-CH.-CEvCH.Br = CH -CO-CH<? J + HBr, 

UHj 

and, as a result of our experiments, there can be no doubt that Lipp’s 
substance is, in reality, acetyltrimethylene, and this being a ketone 
naturally combines with phenylhydrazine. 

Moreover, it is shown in the body of this paper that methylde- 

. _ . . v .. cooh*c:c(cho. ^ , 

hydropentonecarboxylie acid, ^ ^ CH although its con¬ 

stitution is similar to that of Lipp’s hypothetical methylenetetra- 
hydrofurfumn, does not combine with hydroxylamine or pbenyl- 
hydrazine at the ordinary temperature; and thus the value of phenyl- 
hydrazine as a reagent is not affected by Lipp’s experiments. 

At the conclusion of his paper (Joe. city p. 1211), Lipp states that 
dOiydromethylenefurforan (methyldehydropentone) and trihydro- 



FORMATION OF CLOSED CARBON CHAINS. 


861 


methylenefurfuran (acety Itrimethylene) combine with phenylhydr- 
azine. yielding the same substance as is obtained by the action of 
phenylhydrazine on acetopropyl alcohol. Lipp describes this latter 
substance (loe. cit., p. 1203), the formation of which he explains by 
the equation 


OH 3 -CO-CH 2 -OH 3 *CH 3 -OH + C 6 H 5 -NH*NH 3 = 

CH^-CHvCH* 

N-N(C 6 H s ) >0Hi + 


2H 3 0, 


as a reddish-brown oil, which, on exposure to the air, becomes dark 
reddish-brown, and ultimately resinifies ; and he gives absolutely no 
proof that this uninviting product is identical with the similar 
veddish-brown oils which he obtained from methyldehydropentone 
and acetyltrimethylene by the action of phenylhydrazine. As from 
the nature of these substances it appeared to us that it would be 
scarcely possible, either directly or indirectly, to prove or disprove 
Lipp’s statement, we carried out the analogous experiment with 
hydroxylamine instead of with phenylhydrazine. 

Acetopropyl alcohol combines readily with hydroxylamine yielding 
an oxime, CH i *C(INOH)*CH 2 *CH 2 ‘CH 2 , OH; this oxime, when heated 
at 100°, is converted into its anhydride, thus :— 


CH 3 -C(XOH)-CH,-CH j -CH 3 -OH = + H.O. 

JN —U—0±i 3 

Now, this substance should, according to Lipp’s argument, be 
identical with the oxime of acetyltrimethylene, if this latter compound 
is, as Lipp supposes, an anhydride of acetopropyl alcohol (metliylene- 
tetrahydrofurfuram), but as a fact the two differ entirely in their pro¬ 
perties; the former is an oil, the latter a beautifully crystalline 
substance. 


In carrying out this investigation of the acetyltrimethylene deriva¬ 
tives, we have also included a further study of the benzoyltrimethyl- 
ene derivatives (Trans., 1885,47, 836—849; 1887, 51, 837), in order 
to obtain further evidence to prove that these two series of compounds 
are analogously constituted. 

It will be remembered that ethyl benzoyltrimethylenecarboxylate 
is produced by the action of sodium ethylate and ethylene bromide on 
ethyl benzoylacetate:— 

CcHj-CO-CHNa-COO C S H 5 + CaEUBr, = c^CA >CH ’ 0 ^’ C] ^ r 


C«H,-CO 

COOCaHg 


>CNa-OH s -CH s Br = 


OHe-CO GH, 
COOCsHT ^CH* 


-h NaBr. 
+ NaBr. 
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Tlie following are tlie principal reactions of benzoyl trimethylene- 
carboxylic acid:— 

1. It combines with hydroxylamine forming an oxime, C u H u br0 3 . 

2. It is readily reduced by sodium amalgam with formation of 


hydroxybenzyltrimethylenccarboxylic acid, 


C 6 H 5 -CH(OH) 
COOH 


>°<s 


H 3 

h 3 . 


3. It is a saturated acid, and does not decolorise potassium per¬ 
manganate in alkaline solntion at ordinaiy temperatures even after 
standing for days. 

4. When boiled with water, it is converted into benzoylpropyl 
alcohol: 


°*5oH >C< Ch! + H -° = OA-OO.CH,OH,OH,OH + CO». 

5. On distillation, the acid yields benzoyltrimethylene with elimi¬ 
nation of carbon dioxide: 


wo f, 
COOEr ^CH a 


PIT 

= C s H,-CO-CH<Jg + C0 2 . 


Benzoyltrimethylene is a ketone, and as snch it combines with 
hydroxylamine and phenylhydrazine. It dissolves readily in hydro- 
bromic acid with formation of benzoylpropyl bromide: 

C t H J -CO-CH<^ 2 + HBr = C s H 5 -CO-CH i -CH 1 -CH J Br. 

It will thus be seen that benzoyltrimethylenecarboxylicacid exactly 
resembles acetyltrimethylenecarboxylic acid in its reactions, and there 
can be no doubt the two acids are similarly constituted. 

In following ont this subject, it is, doubtless, somewhat difficult to 
accept the proposition that such simple reagents as hydrobromic acid, 
or such simple treatment as boiling with water or dilute acids, 
should be sufficient to split the trimethylene ring; and, again, it is 
remarkable that acetyltrimethylene and acetyltrimethylenecarboxylic 
acid should be reduced by powerful reducing agents, with disruption 
of the trimethylene ring; whereas the trimethylene di- and tri-carb- 
oxylic acids are not acted on even by a large excess of sodium 
amalgam. 

These and other facts make it at once evident that the stability of 
the trimethylene Ting in its derivatives depends very much on the 
nature and position of the substituting groups; thus, for instance, 
trimethylenedicarboxylic acid [1:2] and the tricarboxylic acid 
[1: 2 : 3] are much more stable compounds than acetyltrimethylene¬ 
carboxylic acid or trimethylenedicarboxylic acid [1:1]. This is not 
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remarkable wben it is borne in mind tbat in tbe case of tbe ethylene 
derivatives, tbe stability of the ring is very different in various com¬ 
pounds ; thus, for instance, ethylene and acrylic acid (etliylenecarb- 
oxylic acid) readily combine with bromine and hydrogen bromide, 
whereas fumaric acid (ethylenedicarboxylic acid) is only with diffi¬ 
culty attacked by these reagents, and similarly some ethylene com¬ 
pounds readily take up water when treated with dilate sulphuric acid 
or sodium hydrate, whereas others are not attacked under these 
conditions. It appears to us that the apparent difficulties, which 
operate against the general acceptance of the trimethylene formula, 
are readily explained on the assumption that ethylene and trimethyl¬ 
ene compounds are analogously constituted; both hydrocarbons may 
be represented as possessing free affinities, which in the case of 
ethylene unite between 2 carbon atoms, in the case of trimethylene 
between 8 carbon atoms, thus:— 


— L/JnLg ' vilo 


-9H3 /CHj 
CEfj = l CH 2m 
— CH a 'CH S 


Owing to the slight difference in constitution, it is natural to 
suppose that such substances would in general possess somewhat 
similar, though not identical, properties ; and if this view be accepted, 
there will then be no difficulty in explaining any of the above-men¬ 
tioned reactions. 


Preparation of Acetyltrimetliylenecarboxylic Acid, C <qqq^ 3 - 


The preparation of pure acetyltrimethylenecarboxylic acid is a 
matter of considerable difficulty, and as we required this substance 
in large quantities for subsequent experiments, it was thought neces¬ 
sary to work out some method by which the acid could be readily and 
rapidly purified. The following was ultimately found to give satis¬ 
factory results. 

Crude acetyltrimethylenecarboxylic acid (prepared by the hydrolys’s 
of the crude ethereal salt boiling between 185—200° (see Trans, 
1887, 51, 829) is dissolved in water (10 grams of acid in 200 c.c. of 
water) rendered distinctly alkaline by the addition of baryta-water, 
heated to boiling, and a stream of carbonic acid passed through the 
liquid until the excess of baryta has been converted into carbonate. 

By this treatment all traces of colouring matter and other im¬ 
purities are removed, and the filtrate from the barium carbonate is 
found to be perfectly colourless. This filtrate is evaporated to a 
small bulk, filtered if necessary, acidified with dilute hydrochloric 
veil. Lix. 3 0 



864 


MARSHALL AND PERKIN: THE SYNTHETICAL 


acid, and repeatedly extracted with pure ether. The ethereal 
solution, after being dried over calcium chloride and evaporated, 
deposits a colourless oil. A sample of this was allowed to remain 
for three days over sulphuric acid in a vacuum and analysed, when it 
gave the following results:— 


0*2671 gram substance gave 0*1551 gram H>0 and 0*5502 gram 
C0 2 . 


Theory. 

C 6 H 8 03. 

C... *.. 56*25 per cent. 

H. 6*25 „ 

0 . 37*50 „ 


Found. 

56*19 per cent. 
6*44 
37*37 


11 


These numbers agree well with those required for acetyltrimethyl- 
eneearboxylic acid, and the acid thus purified was used in most of 
the subsequent experiments. 

It is, nevertheless, obvious that any methyldehydropentonecarb- 

v COOH.C:C(CHA . , ,. ' * 

oxybc acid, -OH ( see P* 8/8), which is present m 


the original crnde acid, must also be contained in the above 
purified product, and for a considerable time great difficulty was ex¬ 
perienced in getting rid of this impurity. Ultimately, oxidation with 
cold dilute alkaline potassinm permanganate solution was found to 
produce the desired effect, as this reagent readily decomposes methyl- 
dehydropentonecarboxylic acid, leaving acetyltrimethylenecarboxylic 
acid unattacked. 

5 grams of the purified acetyltrimethylenecarboxylic acid was 
dissolved in 200 c.c. of water, made slightly alkaline by the addition of 
potassium carbonate, and then a 1 per cent, solution of potassium per¬ 
manganate added, drop by drop, the liquid being kept below 15° during 
the entire operation. At first the colour of the permanganate is 
rapidly destroyed, and the operation is continued until, after standing 
six hours, the liquid is still distinctly pink. 

The excess of permanganate is then destroyed by the addition of 
alcohol, the product filtered,-the clear solution evaporated to a 
small bulk, acidified with hydrochloric acid, and repeatedly extracted 
with pure ether. The ethereal solution was washed with a small 
quantity of salt solution, dried over calcium chloride, and the ether 
evaporated, when a colourless liquid was obtained, which, after 
standing over sulphuric acid in a vacuum, gave the following results 
on analysis:— 


01370 gram substance gave 0*0812 gram H 2 0 and 0*2909 gram 
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Theory. 

C fi H s 0 3 . Found. 

C. 56*25 per cent. 55*91 per cent. 

H. 6*25 „ 6*58 „ 

0. 37*50 „ 37*51 „ 


This acid is now completely free from methyldehydropentone- 
carboxylic acid, and appears to consist of practically pure acetyl- 
trimethylenecarboxylic acid. Its most important property is that 
it is not affected by weak alkaline permanganate in the cold, a 
proof that the acid mast be a saturated compound, as represented 


by the formula C<^(yj“rand that it cannot be vinylaceto- 


-COOH 

COOH-CH-CO-CH* 

ch:ch 2 * 

227, 29), or methyldehydropentonecarboxylic acid, 


acetic acid. 


as suggested by Fit tig (Annalen, 


OH 2 — CH* X 


as suggested by Lipp (Iter., 22,1210). 

This important test for saturated compounds, which was devised 
by Baeyer (Annalen, 245, 146), was, in the present case, carried out 
as follows:—2 drops of the acid were dissolved in an excess of a 
weak solution of potassium carbonate, in a test tube, and 1 drop of 
a weak permanganate solution added; the pink tint produced was 
permanent, even after standing for two days, whereas, if the acid had 
been unsaturated, the colour would, at once, have been discharged. 

The properties of pure acetyltrimethylenecarboxylic acid are other¬ 
wise very similar to those of the crude acid previously described 
(Trans., 1885, 47, 832). 


A cetyltrimethy leneoxime, 


9®’>CH-C(NOH>CH,. 


In some previous experiments on acetyltrimethylene (Trans., 1885, 
47, 835), it was stated that this substance combines with hydroxyl- 
amine to form a crystalline compound, probably an oxime; but this 
was not then analysed owing to lack of material. As, however, it 
was of great importance to establish the presence of a carbonyl 
group in acetyltrimethylene, these experiments were repeated on a 
larger scale, and a beautifully crystalline compound was obtained 
which, on examination, proved to be the desired oxime of acetyltri¬ 
methylene. 

10 grams of pure acetyltrimethylene was dissolved in a little 
methyl alcohol, mixed with a concentrated aqueous solution of 
12 grams of hydroxylamine hydrochloride, and a solution of 20 grams 
of pure potassium hydrate dissolved in methyl alcohol slowly run in, 

3 o 2 
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the whole being well cooled during the operation. After standing 
for 24 hours, water was added, the alcohol driven off by gently 
warming on a water-bath, the solution rendered slightly acid by the 
addition of dilute hydrochloric acid, and the whole extracted several 
times with pure ether. The ethereal solution, when dried over calcium 
chloride and evaporated, deposited a colourless oil which, on stand¬ 
ing over sulphuric acid in a vacuum, almost completely solidified. 
The crude product was freed from oily mother liquor by spreading it 
on a porous plate, and then recrystallised from benzene. The 
following results were obtained on analysis :— 

0*1451 gram substance gave 0T239 gram H 3 0 and 0*3237 gram 
CO*. 

0*1774 gram substance gave 23*2 c.c. N; t = 11°; bar. = 716 mm. 

Theory. 


0. 60*60 per cent. 60*84 per cent. 

H. 9*09 „ 9*48 „ 

H. 14*14 „ 14*60 „ 


Acetyltrimethyleneoxime melts at 50—51°. and when carefully 
heated distils without decomposition; the oily distillate solidifies com¬ 
pletely on rubbing it with a glass rod. 

It is readily soluble in water, alcohol, ether, chloroform, benzene, 
and light petroleum, and can be obtained in the form of magnificent, 
glistening prisms by allowing its concentrated solution in cold ben¬ 
zene to evaporate spontaneously. 

In an interesting paper on the decomposition of amylene nitrosale 
with sodium ethoxide (Anndlen, 262, 339—354), Wallach describes 
an oxime of the formula C 5 H 9 NO, which is isomeric with aeetyltri- 
methyleneoxime. This oxime melts at 45°, and when heated with 
dilute sulphuric acid yields a new ketone, C 5 H 8 0, which boils at 
98—102°. 

From its method of formation, it is possible that this ketone, 
which is isomeric with acetyltrimethylene, has the constitution 

gg^C-CO-CH* 


Oxime of Acetoprcrpyl Alcohol, OH J -C(NOH)*OH S *OH J *CB. , OH, and its 

, . . .. OHj-C'OHj'OHj 
Anhydride, 


In the course of this investigation it became necessary, for reasons 
stated in the introduction, to prove that the anhydride of the 
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of aeetopropyl alcohol was not identical with the oxime of acetyl- 
trimethylene (p. 866); and with this object in view we first prepared 
the oxime of aeetopropyl alcohol. 

3 grams of pnre aeetopropyl alcohol was dissolved in a little water, 
mixed with 3 grams of hydroxylamine hydrochloride, a moderately 
strong solution containing 5 grams of pure potassium hydrate added, 
and the whole allowed to remain at the ordinary temperature for 
three days. The product was then rendered slightly acid with hydro¬ 
chloric acid, saturated with calcium chloride, and repeatedly extracted 
with ether; the ethereal solution was dried over calcium chloride, 
allowed to evaporate at the ordinary temperature, and the residual 
colourless oil left over sulphuric acid for four weeks. 

The results obtained on analysis show that this substance is the 
oxime of aeetopropyl alcohol:— 

0*1935 gram substance gave 0*1659 gram H 3 0 and 0*3618 gram 
C0 2 . 

0*1660 gram substance gave 1S*0 c.c. 27; t = 15°; bar. = 


726 mm. 

Theory. 

CyECnNO*. Found. 

0 . 51*29 per cent. 51*00 per cent. 

H. 9*40 „ 9*52 „ 

1ST. 11*97 „ 12-12 „ 


The oxime was readily converted into its anhydride by simply 
heating it on a watch glass at 100°. 

The colourless, oily anhydride, which remained liquid even after 
standing over sulphuric acid in a vacuum for 14 days, gave on 
analysis the following numbers:— 

0*1527 gram substance gave 0*1267 gram H 2 0 and 0*3381 gram 
COj. 

0*0780 gram substance gave 9*7 c.c. 27; t = 18°; bar. = 746 mm. 


Theory. 

CjHgNO. Found. 

0. 60*61 per cent. 60*39 per cent. 

H. 9*09 „ 9*22 „ 

27. 14*14 „ 13*97 ,, 


This anhydride is isomeric with aeetyltrimethyleneoxime, which is 
crystalline, and melts at 50—51°. 

Oxime of AceiyUHmethylenecarloxylic Acid , 

This interesting substance may be readily prepared in the follow¬ 
ing manner:—Acetyltrimethylenecarboxylic acid (1 mol.) is dis- 
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solved in a little "water, mixed with a solution of pure potassium 
hydrate (4 mols.), and then a solution of hydroxylamine hydro¬ 
chloride (1J mols.) added, the temperature being kept below 30° 
during the operation. The product is allowed to stand for 24 hours, 
acidified with hydrochloric acid, the solution saturated with salt and 
repeatedly extracted with pure ether. The ethereal solution, after 
drying over calcium chloride, deposits the oxime, on evaporation, in 
beautiful, four-sided, tabular crystals. 

The analysis of these crystals gave the following results:— 


I. 0*2134 gram substance gave 0*1229 gram H 3 0 and 0*3933 
gram CO> 

0*2S10 gram substance gave 23*2 c.c. Iff; t = 15°; bar. = 
759 mm. 

II. 0*1472 gram substance gave 0*0872 gram H 2 0 and 0*2714 
gram CO>. 

0 2895 gram substance gave 24*4 c.c. Iff; t = 12°; bar. = 
739 mm. 

Found. 


Theory. t - A -\ 

C 6 H 9 ^0 3 . L II. 


0 . 50*36 per cent, 50*27 50*40 per cent. 

H. 6*29 „ 6*40 6*58 „ 


Iff. 9*78 „ 9*84 9 69 


This beautiful substance melts at about 157—158° with decom¬ 
position and rapid evolution of carbon dioxide. It dissolves readily 
in water, alcohol, and ether, but is only sparingly soluble in benzene, 
chloroform, and light petrolenm. 

In view of the interest which attaches to the formation of internal 
anhydrides in the oximes of y3-ketonic acids (see below), the stability 
of the oxime of acetyltrimethylenecarboxylic acid was further tested 
by heating the substance at 100° for half an hour. At the end of this 
time the oxime was found to be wholly unchanged in appearance and 
melting point, and the following analysis shows that no formation of 
anhydride had taken place. 

0*213 gram substance gave 18*5 c.c. Iff; i = 17°; bar. = 739 mm. 


Theory. 

CgHgNOs* Found. 

Iff. 9*78 per cent. 9*86 per cent. 


Similar results were obtained with the oxime of benzoyltrimethyl- 
enecarboxylic add (p. 883). 

The formation and stability of the oximes of acetyltrimethylene¬ 
carboxylic acid and benzoyltrimethylenecarboxylic add are extremely 
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interesting in their relation to the recent work of Claisen (Ber., 24 , 
140) and of Hanfczsch ( Ber 24 , 495—506, and other papers) on the 
aldoximes and the oximes of ketonic acids. 

Hantzsch explains the isomerism, so often observed in structurally 
identical oximes, such as in the case of benzaldoxime, C 6 HVCH!NOH, 
by assuming that these may exist in two stereochemical forms 
thus:— 

CbEyCH Calls* CH 

OH-N ’ H-OH 

a-Aldoxime. /i-Aldcmme. 

The oximes of /3-ketonic acids, however, according to Hantzsch, 
never appear in two stereochemical forms, and, indeed, so far, these 
have never been obtained in the free state. Thus, ethyl acetoaceiate, 
when treated with hydroxylamine, yields methylisoxalone, the internal 
anhydride of the oxime of acetoacetic acid, 

CH 3 -C(NOH)-CH 3 -COOH = OH 4t ' CHa, 9 ° + HjO. 


Similarly, benzoylacetic acid and hydroxylamine yield phenyl* 

. , CbH/C-CHa'CO _ __ , 

isoxalone, m * , and not the free oxime, 


C 6 H 5 -C(NOH)*CH 3 *COOH, 

The formation of these anhydrides shows at once that the oximes 
of acetoacetic acid and of benzoylacetic acid have the /^-configurations: 

CH 3 £*CH/COOH C 6 H 5 *£*CH/COOH 

N-OH * N-OH 

The experiments on the oximes of acetyltrimethylenecarboxylie 
acid and of benzoyltrimethylenecarboxylic acid show conclusively 
that some of the oximes of ^ketonic acids, at all events, are capable of 
existing in the free state, and the fact that these oximes do not, even 
at 100°, yield internal anhydrides (isoxazolones) appears to show 
that these have the ^-configuration, 

CH s -C-C(COOH)< 95*, C.H t -C-C(OOOH)<95 ! , 

OH-N 0E * OH-N 0H * 

and from the behaviour of these trimethylene derivatives, it seems 
probable that other disubstituted derivatives of ethyl acetoacet&ie 
and ethyl benzoylaeetate may, when investigated, be found to yield 
a-oximes, and not isoxalones. 
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Seduction of Acetyltrimethyleneccirboxylic Add. 

As stated in the introduction, acefyltrimethylenecarboxylic acid is 
readily reduced by sodium amalgam with formation, in the first place, 
of hydroxyethyltiimethyi enecarboxylic acid: 


OHj-CO CHj Cff a -CH(OH) CH, 

cooh >c< 6h 2 + Hs “ cooh >u< ch/ 


If, however, a very large excess of sodium amalgam is employed, 
the ultimate product of the reaction is a- ethyl-/3-hydroxybutyric acid, 
thus:— 


CH3 ' C C ( OOT> G< 6 h + H >=CH 3 -0H(0H)-CH(C 2 H 5 )-C00H. 


Tn studying this reduction, very carefully purified acetyltrimethyl- 
enecarboxylic acid was dissolved in water, neutralised with sodium 
carbonate, and reduced with nearly twice the calculated quantify of 
sodium amalgam (for Hs), added in small portions at a time. To 
promote thorough reduction, the vessel containing the sodium salt 
was constantly agitated, and the temperature prevented from rising 
by cooling externally by a stream of water. 

As soon as the reduction was complete, the mercury was run off, 
the alkaline solution nearly neutralised with dilute hydrochloric acid, 
extracted with ether to remove a small quantity of a neutral sub¬ 
stance which is always formed, acidified with hydrochloric acid, and 
extracted 10 times with pure ether. 

The ethereal solution was dried over calcium chloride, evaporated, 
and the residual, almost colourless, oily acid, after standing over 
sulphuric acid in a vacuum for three days, analysed with the following 
result::— 


0*1609 gram substance gave 0*1098 gram H 2 0 and 0*3296 gram 
CO*. 

0*1516 gram substance gave 0*1035 gram H a O and 0*3089 gram 
CO*. 


Pound. 



Theoiy. 

,— 

-\ 


CgHioOs. 

X. 

n. 

c.... 

. • 55*38 per cent. 

55-80 

55-59 per cent. 

. . . . 

7*69 „ 

7-58 

7-59 „ 

0 . 

. - 36*92 „ 

36-62 

36-82 


Hydroxyethyltrimethylenecarboxylic acid is a thick, strongly acid 
syrup miscible with water in all proportions. It distils with very 
slight decomposition if rapidly fractionod under reduced pressure 
(30 mm.). 
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A small quantity of the acid used in Analysis II was very rapidly 
distilled under a pressure of 80 mm, and two fractions, 175—180° 
and 180—185°, collected. The first of these gave, on analysis, the 
following numbers, showing that there had been only a very slight 
loss of water during the distillation:— 

0*1780 gram substance gave 0*1176 gram H 2 0 and 0*3630 gram 


CO* 

Theory. 

C 6 H 10 O 3 . Found. 

C. 55*38 per cent. 55*75 per cent. 

H. 7*69 „ 73S 

KT. 36*92 „ 36*87 


The distilled acid was a thick, perfectly colourless oil, soluble in 
water with only a faint turbidity. 

In order to prepare the silver salt of this acid, the two fractions 
referred to above were separately dissolved in small quantities of 
water, neutralised carefully with potassium hydi ate, and mixed with 
a slight excess of silver nitrate, dissolved in a veTy small quantity of 
water. It is necessary to have all the solutions concentrated in the 
above operation, otherwise the silver salt, which is readily soluble in 
water, is not precipitated. The white silver salt, was then collected, 
washed with a little water, dried on a porous plate, and recrystallised 
twice from boiling absolute alcohol; it was thus obtained in the form 
of microscopic needles, which, on analysis, gave the following 
numbers:— 

I. Silver salt from fraction of acid boiling at 175—180° (30 mm.)— 

0*3912 gram substance gave 0*4330 gram C0 2 , 0*1412 gram H a O, 

and 0*1784 gram Ag. 

II. Silver salt from fraction of acid boiling at 180—185° (30 mm.)— 

0*4162 gram substance gave 0 4641 gram CO*, 0 1446 gram H 2 0, 

and 0*1894 gram Ag. 


Found. 

Theory. ,-*-> 

C 6 H 9 0 3 Ag. I. II. 

C. 30*38 per cent. 30*18 30*41 per cent. 

H. 3*80 „ 4*01 3*86 

Ag. 45*58 „ 45*61 45*50 


The copper salt was obtained as a beautiful, green, crystalline mass, 
on adding a solution of copper sulphate to a strong, neutral solution 
of the potassium salt; it appears to contain 1 mol. H 2 0:— 

0*2714 gram substance gave, on ignition, 0*0682 gram of CuO. 
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Theory. 

(C b H q 03 ) 2 Cii + H 3 0. Found. 

Cu. 20*10 per cent. 20*06 per cent. 

This copper salt is readily decomposed by heating above 90°, and, 
therefore, the amount of water of crystallisation could unfortunately 
not be determined. 

The lead, barium , and calcium salts of hydroxyethyltrimethylene- 
carboxylie acid are readily soluble in water. 

a-Ethyl-/?-hydrozylutyr ic Add .—In order to determine whether 
sodium amalgam had any further action on hydroxyethyltrimethylene- 
carboxylic acid, the following experiment was instituted:— 

11 grams of pure acetyltrimethylenecarboxylic acid was dissolved 
in water, neutralised with sodium carbonate, and reduced by the 
gradual addition of 500 grams of per cent, sodium amalgam. The 
alkaline solution was neutralised with hydrochloric acid, evaporated 
to a small bulk, acidified, and the acid solution repeatedly extracted 
with ether. The ethereal solution was evaporated, the residual oily 
acid redissolved in sodium carbonate solution, and again treated with 
500 grams of the amalgam. This operation was repeated a third 
time, and the ethereal solution of the ultimate product washed with 
a very little water, dried over calcium chloride, and evaporated. 

The residual oily acid, after standing for some days over sulphuric 
acid in a vacuum, gave the following numbers on analysis:— 

0*1748 gram substance gave 0*1440 gram H s O and 0*3483 gram 
CO* 

Theory. 

CH 3 *CH(OH) -CH (QiH 5 ) -COOH. Found. 


C. 54*54 per cent. 54*35 per cent. 

H. 9*09 „ 9*15 

0 . 36*36 „ 36*50 


These numbers agree well with those required for 0 L-ethyl- p-hy dr oxy¬ 
butyria acid . This acid has already been prepared by Wahlschmidt 
(Annalen , 188, 240) by the reduction of ethylic ethylacetoacetate 
with sodium amalgam; 

CHa-CO-CHCC^-COOCA + H* + NaOH = 

CH&-CH (OH)-CH(C s H s )*COONa + C*H 5 -OIL 

It is described as a syrup which, when distilled, is converted into* 
a-ethylcrotonic acid, thus:— 

CH,-CH(OH)-CH(C a H,)-COOH = GHj-CHICCC^-COOH + H.O. 

Ia order, therefore, to establish the identity of the acid obtained by 
the .reduction of hj droxyethyltrimethyleneoarboxylic add with the 
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a-ethyl-£-hyd:roxy butyric acid obtained by Wahlschmidt, it tv as only 
necessary to submit the former to distillation, and thus to obtain 
a-ethylcrotonic acid, which, being a crystalline and well charac¬ 
terised acid, could readily be identified. 

The sample of acid, analysed above, was, therefore, carefully dis¬ 
tilled from a small retort, the distillate returned to the retort, and 
again distilled, the operation being repeated until it appeared that 
all the hydroxy-acid had been decomposed. The distillate was then 
dissolved in water, neutralised with sodium hydrate, and the solution, 
after extracting with ether to remove traces of neutral compounds, 
precipitated with acetate of lead. The white, crystalline lead salt, 
thus obtained, was purified by recrystallisation from water, the pnre 
salt decomposed by hydrochloric acid, and the strongly-smelling, oily 
acid which separated extracted with ether. The ethereal solution 
was dried over calcium chloride and allowed to evaporate spontane¬ 
ously, when a quantity of four-sided prisms separated out. The 
crystals melted at 38 and showed all the properties of a-ethyl¬ 
crotonic acid. Analysis:— 


0T320 gram substance gave 0*1051 gram H 2 0 and 0 3048 gram 
CO*. 


Theory. 

CHs'OHIC (CjH^) 'COOH. Found. 


C. 63*16 per cent. 62*98 per cent. 

H. 8*77 „ 8*85 

0. 28*07 „ 2817 


In order to further establish the identity of this acid, the pure 
crystalline substance was dissolved in a slight excess of dilute sodium 
hydrate solution, which was then carefully neutralised with dilute nitric 
acid, heated to boiling, mixed with an excess of silver nitrate, and 
filtered. The solution, on cooling, deposited beautiful, white, glisten¬ 
ing plates of silver o-ethylcrotonate. 

The analysis of this salt gave the following result:— 

0*2206 gram salt, on ignition, gave 0*1070 gram Ag. 


Theory. 

OH/ CH;C (Q3H5) *CO 0 Ag. Found. 

Ag...... 48*87 per cent. 48*50 per cent. 

These experiments prove, therefore, that the ultimate product of 
the action of sodium amalgam on acetyltrimethylenecarboxylic acid 
is a-ethyl-fi-hydroxybutyric add . 
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Reduction of Acetyltrimethylene. 

Formation of Methylpropylcarb inol. 

When reduced by means of sodium in moist ethereal solution, 
acetyltrimethylene takes up 4 atoms of hydrogen with formation of 
methylpropylcarbinol, thus:— 


GUa 

CH S 


>CH-COCH* + 2H, == CH 3 -CH,-CH 3 -0H(0H) -CH 3 . 


At the same time a considerable quantity of a substance of high 
boiling point is produced which, on examination, proved to be dimethyl 
dipropyl glycol- This substance is probably formed thus:— 


2 ?^>CH-CO-CH 3 


, ott _ CHj*CHj'CHj'C(OH)*CH, 
+ CH3 . q H ,. CHj . C ( OH ). CH3 • 


The reduction was carried out as follows:— 

15 grams of acetyltrimethylene was dissolved in 200 c.c. of ether, 
the solution floated on water, in a stout bottle connected with a reflux 
apparatus, and then 30 grams of sodium gradually added in small 
quantities at a time, the temperature being kept below 30° by sink- 
ing the bottle in water. As soon as the sodium had completely 
dissolved, the ethereal solution was separated, washed with a little 
water, dried over anhydrous potassium carbonate, and the ether 
slowly distilled off. The resulting, colourless, oily liquid was dis¬ 
tilled, and thus readily separated into two principal fractions, about 
two-thirds passing over between 118° and 122° and the remainder 
between 210° and 230°. The lower fraction, on repeated fractionation, 
distilled constantly at 119*5°, and on analysis gave numbers agreeing 
with those required for methylpropylcarbinol, thus:— 

0*1102 gram substance gave 0*2760 gram C0 2 and 0*1366 gram 
H»0. 

Theory. 

CHj'CH 2 ’CHa*CH(OH) *CH 3 . Pound. 

C ...... 68*18 per cent. 68*30 per cent. 

H. 13*64 „ 13*77 

O. 18*18 „ 17*93 

Methylpropylcarbinol has been prepared by Friedel (Jahresbericht, 
1869, 513) from methyl propyl ketone and sodium amalgam, and by 
Markownikow («7. Russ, Ghem. Soe 15, 407) from zinc propyl and 
acetyl chloride. It boils at 318*5° under a pressure of 753*2 mm., 
and possesses properties exactly similar to those observed in our 
preparation. 

In order to further establish the identity of the methylpropyl- 
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carbinol obtained from acetyltrimethylene, it was converted into its. 
acetate by digestion with excess of acetic anhydride for two hours in 
a reflux apparatus. The product was then shaken up with cold water 
until the excess of acetic anhydride had been decomposed, the oily 
acetate extracted with ether, the ethereal solution washed with dilute 
sodium carbonate solution, and dried over calcium chloride; on evapo- * 
rating the ether and distilling the residue, the whole passed over 
between 132° and 134°, and, on refractioning, the acetate was obtained 
pure as a colourless liquid boiling at 133*5°. The analysis gave the 
following results:— 

0*1499 gram substance gave 0*1459 gram H 3 0 and 0*3539 gram 

CO 2 . 


Theory. 

CH 3 * CH (C 3 H 3 0 2 ) • CjH-. 

C. 64*61 per cent. 

H. 10*77 

0. 24*62 


Found. 

64*38 per cent. 


10*81 

24*81 


99 

99 


The boiling point of this acetate is variously given as:—133—135* 
(Wurtz, Annalen , 148,132); 130—135° (Friedel, Zeit.fur Ghem ., 1869,. 
476); 134—137°(Schorlemmer,-<iw/taZe»,161,269); these boiling points 
agree well with that found for the product from acetyltrimethylene. 

Dimethyl Dipropyl Glycol .—The portion of the reduction product of 
acetyltrimethylene boiling at 210—230° was submitted to very careful 
fractionation in a TViirtz flask with a long neck, and in this way a 
quantity of a thick, colourless oil was obtained boiling at 220—225° 

On analysis, it gave the following numbers:— 

0*1142 gram substance gave 0*2881 gram CO* and 0*1282 gram 

H a O. 


0 

H 

O 


Theory. 

C 3 H 7 -C(OH)-CH 3 
c*H7-(!:(OH)-ch 3 
68*96 per cent. 
12*65 
18*38 


Found. 

68*81 per cent. 
12*48 „ 

18-71 „ 


This substance appears to be identical with the methyl propyl 
pinacone obtained by Friedel ( Jahresbericht , 1869, 513) by the reduc¬ 
tion of methyl propyl ketone with sodium and water, and which this 
chemist found also to boil at 2*20—225°. 

It was at first thought that tlis compound was ditrimethylene 
dimethyl glycol, 

]g>OH-0(OH).CH J 

J5 , >ch-6^oh / *ch 3 ’ 

OXlj 
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the formation of which could be readily understood; but this 
■glycol contains C = 70*oS : H = 10*58 per cent, instead of 
C = 68*81: H = 12 48, fonnd above. 

Action of Hydrogen Bromide on Acetyltrimethylene. 

One of the most remarkable properties of trimethylenedicarboxylic 
acid is tbe ease with which it combines with hydrogen bromide, with 
formation of w-brometbylmalonic acid, thus :— 

ptr 

V^>C(COOH) a + HBr= CH a Br*CH 3 -CH(COOH) 3 . 

When subjected to the same treatment, acetyltrimethylene under¬ 
goes a perfectly similar decomposition, being converted into aceto- 
propyl bromide, thus:— 

5j5>CB>CO-CH, + HBr = CE.BrCHa-CH/CO-CH,. 

CH.2 

In studying this interesting decomposition, 10 grams of pure aeetyl- 
irimethylene was added gradually to three times the volume of fuming 
hydrobromic acid (sp. gr. 1*83), care being taken to keep the tem¬ 
perature below 40°. After standing for 24 hours, the brownish 
solution was poured into water, the heavy oil which was deposited 
extracted twice with ether, and the ethereal solution washed with 
water, and dried over calcium chloride. On distilling off the ether, 
a brownish oil was obtained, which, on fractionation, boiled constantly 
at 120° under a pressure of 90 mm. 

A bromine determination gave the following result, agreeing with 
that required for acetopropyl bromide:— 

0*2134 gram substance, heated in a sealed tube with nitric acid and 
nitrate of silver, gave 0 2442 gram AgBr. 

Theory 

OH 3 * CO* CHyCH^ CILBr. Pound. 

Br.. 48 50 per cent. 48*70 per cent. 

Acetopropyl bromide has already been prepared by Oolman and 
Perkin (Trans., 55, 357) and by Lipp (Per., 22,1206) from aceto¬ 
propyl alcohol and hydrobromic acid, and a careful comparison of 
the bromide from acetyltrimethylene with that obtained from aceto¬ 
propyl alcohol showed that the two products were identical. 

Hydrolysis of Acetyltrimethylene . 

One of the most interesting reactions of acetyltrimethylenecarh- 
■oxylie acid is the decomposition which it undergoes on prolonged 
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boiling with water, whereby it is resolved apparently quantitatively 
into acetopropyl alcohol and carbon dioxide (Trans- 5L 829 - 65 
857), thns:— ’ ’ 

CHj-CCL „ X!H, 

cooh >0< 6h! + Hs0 = ch»-oo.ch,oh s .oh s .oh + CO* 

In order to determine whether acetyltrimethylene, 

ch 3 -co-ch<?5 3 

L/i± 2 

(which is obtained from the above acid by the elimination of carbon 
dioxide), wonld be hydrolysed by water, a nnmber of experiments 
carefully conducted under different conditions were instituted. 

A quantity of pure acetyltrimethylene (b. p. 112—113°) ^vug 
solved in water, and the solution allowed to stand at the ordinary 
temperature for two weeks; anhydrous potassium carbonate was 
then added, the oily layer which separated extracted with ether 
dried over calcium chloride, and the residue which remained after 
distilling off the ether carefully fractioned in a "Wiirtz flask fitted 
with a long neck. The whole distilled between 110° and 115° 
leaving no appreciable residue, thus showing that water at ordinary 
temperatures has no action on acetyltrimethylene. 

In the second experiment, acetyltrimethylene was heated with 
four times its volume of water in a sealed tube at 100° for two days, 
and the product treated as above; in this case also, practically, the 
whole of the acetyltrimethylene was recovered unchanged. Experi¬ 
ments subsequently made showed that acetyltrimethylene is not 
hydrolysed even when heated with water for two davs at 130° or for 
12 hours at 200°. 

This fact is very interesting as demonstrating the remarkable 
difference in stability between acetyltrimethylene and its isnm«. 

, _ , ch:c(ch s ') » 

methyldehydropentone , ^ 0 ^>O (see P- 880 )’ as the latter, in 

contact with water at ordinary temperature, is rapidly converted 
into acetopropyl alcohol (p. 882). 

In a research on acetopropyl alcohol, Lipp (Ber., 22,1192) states 
that his so-called trihydromethylenefurfnran, 

boils at 110—111°, and is in all probability identical with acetyltri¬ 
methylene), when heated in a sealed tube with 5 per cent, hydro¬ 
chloric acid at 100°, is converted into acetopropyl alcohol. Ab 
acetyltrimethylene is not hydrolysed by water alone, it was thought 
interesting to study its behaviour with 5 per cent, hydrochloric Mid 
under fdxe conditions employed by Lipp. 
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For tljis purpose, 20 grams of pure acetyltrimethylene was heated 
in a sealed tube with six times its volume of 5 per cent, hydrochloric 
acid for one hour at 100°, the product saturated with potassium 
carbonate, and then repeatedly extracted with pure ether. This 
ethereal solution, after drying over anhydrous potassium carbonate 
and evaporating, deposited an oil which, on distillation under reduced 
pressure (100 mm.), boiled between 140° and 150°, and on repeated 
fractionation, the greater portion passed over between 144 and 146°, 
and gave the following numbers on analysis :— 

0*1598 gram substance gave 0*1397 gram H s O and 0*3450 gram 
CO s . 

Theoiy. 

CHj*COCH 2 CHa-CHyOH. Found. 


C. 58 82 per cent. 59*05 per cent. 

H. 9*81 „ 9*71 

0. 31*37 „ 31*24 „ 


This experiment shows, therefore, that acetyltrimethylene, 
although not appreciably attacked by heating with water even at 
200 °, is readily hydrolysed by dilute hydrochloric acid at 100° with 
formation of acetopropyl alcohol, thus:— 

CH,-CO-CH<?5 + 2,0 = CHi-CO-CHj-CEj-CHyOH. 

OJo.3 


Metftyldehydropentoneccu boxylic Acid, 


cooh*c:c(ch 3 ) 

0H 3 *CH2 > 


This acid is apparently always present in the crude acetyltrimethj 1- 
enecarboxylic acid prepared by hydrolysing the ethereal salt boiling 
between 180° and 210°, obtained as the principal product in the 
action of ethylene bromide on ethyl sodacetoacetate. The amount of 
methyldehydropentonecarboxylic acid present in this product appeals 
to vary very considerably, and in spite of repeated experiments, we 
have only on one occasion been successful in obtaining this beautiful 
substance in any quantity in a pure condition. 

The conditions employed in this experiment were approximately 
the following:— 

During the preparation of very large quantities of ethyl acetyl- 
trimethylenecarboxylate, a quantity of crude ethylene bromide and 
ethyl acetoacetate had been recovered as a fraction boiling between 
120° and 185°, and weighing considerably over 1 kilo. This was 
fractioned once or twice, and thus separated into two principal frac¬ 
tions, boiling respectively at 130—150° and 170—185°. The former 
was considered to consist for the most part of ethylene bromide; the 






FORMATION OF CLOSED CARBON CHAINS. 


879 


latter contained large quantities of ethyl acetoacetate. These crude 
products were employed in preparing a fresh quantity of ethyl acetyl- 
trimethylenecarboxylate, the actual amounts which came into opera¬ 
tion being 560 grams of ethyl acetoacetate, 400 grams of ethylene 
bromide, 100 grams of sodium, and about 1200 grams of absolute 
alcohol. 

The mixture prepared in the usual way (Trans., 1885, 47, 829) 
was heated for five hours in a reflux apparatus, the alcohol distilled 
off as completely as possible, the residue mixed with water, and the 
oily ethereal salt extracted with ether. The oily residue obtained 
after distilling off the ether was then subjected to distillation in a 
rapid current of steam till no more oily drops came over with the 
condensed water, the distillate extracted with ether, and the ethereal 
solution dried over calcium chloride and evaporated. The residue 
was fractioned, and the portion boiling between 170° and 230° hydro¬ 
lysed by boiling in a reflux apparatus with an alcoholic solution of 
30 grams of potassium hydrate for four hours. The alcohol was dis¬ 
tilled off, and the residue diluted with water and evaporated to a 
small bulk on a water-bath. 

On standing, the liquid deposited beautiful, glistening plates of a 
potassium salt, which were dissolved by the addition of water, and 
the alkaline liquid acidified by hydrochloric acid, wheu a fine, white, 
crystalline mass was deposited. The crystals, which are very 
sparingly soluble in the salt solution, were collected, washed with a 
very little water, dried on a porous plate, and purified by recrystal¬ 
lisation from benzene. In this way the new acid was readily obtained 
pure in the form of brilliant, four-sided plates, which on analysis 
gave the following numbers:— 

I. 0*1470 gram substance gave 0*0872 gram H a G and 0*3041 gram 
CO* 

II. 0*1614 gram substance gave 0*0922 gram H a O and 0*3331 gram 
CO s . 


Found. 

Theory. , -*-x 

C 6 H 8 0 3 . I. II. 

C. 56*25 per cent. 56*41 56*28 per cent. 

H. 6*25 „ 6*59 6*34 „ 

0. 37*50 „ 37*00 37*38 „ 


Methyldehydropentonecarboxylic acid melts at 150°, and at the 
same time decomposes into meth} ldehydropentone and carbon 
dioxide: 
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When heated carefully in a current of an indifferent gas, this acid 
sublimes in the form of feathery crystals, with only slight decom¬ 
position. 

It is readily soluble in warm water, ether, alcohol, and benzene, 
but only sparingly in light peti oleum and cold water. The solution 
in hot water deposits the acid in colourless needles, on cooling, but if 
the solution is boiled, rapid decomposition sets in, with evolution of 
carbon dioxide and formation of an oily neutral substance, which is 
obviously acetopropjl alcohol. 

The basicity of methyldehydropentonecarboxylic acid was deter¬ 
mined by titrating a known quantity of the pure acid with a standard 
solution of potassium hydrate. 

0*4500 gram of acid required for neutralisation 35*4 c.c. of potas¬ 
sium hydrate solution (1 c.c. = 0*00559 gram KOH) = 0 1978 
gram KOH. 

A monobasic acid of the formula C 6 H 8 0 3 requires 0*1950 gram 
KOH. 

Methyldehydropentonecarboxylic acid differs from acetyltrimethyl- 
enecarboxvlic acid very widely in its behaviour towards potassium 
permanganate. If a trace of the former acid is dissolved in a slight 
excess of dilute sodium carbonate solution, and a drop of per¬ 
manganate solution added, tbe colour instmtly disappears, and suc¬ 
cessive drops continue to be decolorised, until the acid is completely 
destroyed; acetyltrimethjlenecarboxylic acid, on the contrary, does 
not decolorise permanganate solution. 

Again, acetyltrimetfaylenecarboxylic acid, being a ketonic acid, 
reacts readily with hydro tvlaminc, yielding an oxime; methyldehydro- 
pentunecarboxylic acid is, on the other hand, not acted on by 
bydroxylamine. In order to prove this, 2 grams of the latter acid 
was dissolved iu dilute potassium hydrate solution (containing 4 grams 
KOH), a solution of hydroxy lam ine hydrochloride (2 grams) added, 
and the whole allowed to stand for 24 hoars. The aqueous solution 
was then concentrated, cooled well, acidified with hydrochloric acid, 
and the precipitate which separated collected, washed with a little 
water, and spread on a porous plate. The crystals, which weighed 
upwards of 1*7 grams and were free from nitrogen, were crystallised 
from benzene, and found to consist of unchanged methyldehydro- 
pentonecarboxylic acid. 

Hetlyldehydropentone, 

TOmb heated above its melting poiut, methyldehydropentonecarb- 
oxylic add is rapidly decomposed with evolution c£ carbon dioxide 
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and formation of methyldehydropentone. In order to obtain this very 
interesting snb^tance in quantity, 20 grains of the pure dry acid wa, 
gently heated in a small refcoit placed in an oil-bath and connected 
with a well-cooled condenser, the distillate being collected in a small 
flask cooled by means of a freezing mixture. The limpid, ethereal - 
smelling oil thus obtained, on subsequent fractionation, boiled con¬ 
stantly at 82°, and consisted of pure methyldehydropentone. Ana¬ 
lysis :— 

I. 0 1311 gram substance gave 0*1171 gram H 2 0 and 0*3442 gram 
CO,. 

II. 0 0881 gram substance gave 0 0781 gram H 2 0 and 0 2295 gram 
C0 2 . 


Found. 



Theory. 

C s H a O. 

c 

I. 

II! 

c.... 

71'42 per cent. 

71-60 

71-07 per cent. 

H.... 

•. 9*52 „ 

9-67 

9-83 „ 

O .... 

.. 19*05 „ 

18-73 

19-08 „ 


Methyldehydropentone is isomeric with aeetyltrimetln-leue, 
CH 

cb 3 -co-ch<V^ (b. p. 112°). 

The specific gravity and magnetic rotation determinations of this 
substance, which were made by W. H. Perkin, sen., gave the follow¬ 
ing numbers:— 

Density:—d 4*4°= 0*9217; d 10°, 10° = 0*915 A; d 15°/15° = 0 9107 j 
d 20720° = 0*9002; d 25725° = 0*9018. 


Magnetic Rotations . 


t. 

Sp. rotation. 

Mol. rotation. 

17 -0° 

1 *0552 

5*417 

17-0 

1 *0521 

5*402 

17 0 

1 -0±77 

5-879 

17 4 

1 *0462 

5-371 

17*8 

1*0192 

5*391 

14 

1*0506 

5*379 

12*7 

1 0551 

5*393 

12 *8 

1*0560 

5*393 

12 *0 

1*0553 

5*390 

Average . • 15 *3 

1 *0519 

5*391 


Action of Water on Methyldehydropentone . Formation of Acetoprojpyl 

Alcohol . 

The formula given above to methyldehydropentone represents this 
substance as the anhydride of aeetopropyl alcohol, 


3 r 2 
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CH 3 -CO-CH/CH 3 -CH/OH 


oh/C(OH):ch-ch 3 -ch/Oh = 



It was, therefore, to be expected that this anhydride, when treated 
with water, would be converted into acetopropyl alcohol, just as 
methyldehydrohexone in contact with water is converted into aceto- 
butyl alcohol (Trans., 1887, 51, 724), 

CHs 'S~® + h s o = ch 3 -co-ch 2 -ch 2 -ch,-ch 2 -oh. 

C H*C Hj’C Hi 

10 grams of metliyldehydropentone and 50 c.c. of water were placed 
in a stoppered bottle and kept at the ordinary temperature for some 
days. The oily layer whii*h floated on the top of the water gradually 
became less and less, and ultimately entirely disappeared; the reaction 
is much hastened by agitating and gently warming the bottle fi*om 
time to time. The clear solution thus obtained was saturated with 
potassium carbonate, extracted 20 times with pure ether, the ethereal 
solution dried over potassium carbonate, evaporated, and the residual 
oil purified by distillation under reduced pressure (80 mm.). In this 
way a colourless oil was obtained, which boiled constantly at 139° and 
gave the following numbers on analysis:— 

0*1548 gram substance gave 0*1388 gram H 3 0 and 0*3360 gram 

C0 3 . 

Theory. 

CH 3 -CO‘CH s -CH 2 -CH>*OH. Found. 


C. 58*82 per cent. 59*19 per cent. 

H. 9*81 „ 9*96 

O........ 31*37 5, 30*S5 ,, 


The substance produced by the action of water on methyldehydro- 
pentone is, therefore, acetopropyl alcohol, and in this respect methyl- 
dehydropentoue differs widely from the isomeric acetyltrimethylene, 
which, as was shown on p. 877, is not acted on by water even at 
moderately high temperatures. 

In a previous investigation of the products of the distillation of 
etude acetyltrimethylenecarboxylic acid (which, as has already been 
shown, always contains methyldehydropentonecarboxylic acid), a 
small quantity of a substance was obtained boiling at 85—95°, which, 
when dissolved in water, was converted into acetopropyl alcohol, and 
which, therefore, undoubtedly consisted of slightly impure methyl- 
dehydiopentone (Trans., 1887, 51, 831). 

Lipp ( Ber. t 22 , 1199) also described a substance boiling at 72—75°, 
which he obtained by distilling acetopropyl alcohol, aud which should 
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therefore be the anhydride of the alcohol. It is probable that this 
substance, which, however, Lipp, curiously enough, describes as un¬ 
stable, consisted of impure methyldehydropentone. 


Oxime of Benzoyltrimethylenecarboxylic Acid , 

OfiH fi *C (NOH) CH 2 
COOET ^CS*' 

With the object of proving the ketonic nature of benzoyltri- 
methylenecarboxylie acid, and, at the same time, of demonstrating the 
similarity in constitution between this acid and acetyltrimethylene- 
carboxylic acid, experiments on the behaviour of this acid towards 
hydroxylamine were instituted. 1*9 gi ams ot pure benzoyltrimethylene- 
carboxylic acid was dissolved in a dilute solution of potassium hydra re 
containing 2 2 grams of KOH; 1 gram of hj droxylamine hydrochloride 
in solution was added, and the mixture allowed to stand for 24 hour*. 
The clear alkaline solution was acidified with hydrochloric acid, the 
sticky, semi-solid mass, which, on stirring with a glass rod, became 
quite solid, collected, washed with water, and dried on a porous plate. 
It was then ground up, extracted with a little boiling benzene to 
remove any unchanged benzoylti imethylenecarboxylic acid and other 
impurities, and recrystallised from water. In this way thick, colour¬ 
less prisms were obtained, which, on analysis, gave the following 
numbers:— 

0*1474 gram substance gave 0*0768 gram H 3 0 and 0*3467 gram 
CO> 

0*1436 gram substance gave 8*2 c.c. N; t = 20°; bar. = 755 mm. 


Theory. 

Cn H uNOg. Found. 

C. 64*39 per cent. 64*15 per cent. 

H.. 5*37 „ 5*79 

ST. 6*83 „ 6*64 


When heated in a capillaiy tube, the oxime softens at 160° and 
melts fairly sharply at about 164—166° with decomposition. The 
c:ystaliine substance is readily soluble in alcohol and warm water, 
very readily in acetic acid, but only very sparingly in benzene, light 
petroleum, and chloroform. 

The oxime of benzoyltrimethylenecarboxylic acid does not yield an 
anhydride, even on heating at 300° for one hour (compare pp. 
868—869). 
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Reduction of Benzoyltrimethylenecarboxylic Acid . 


Fermat ion of Hydrozybenzylti imethylenecarloxylic Add, 
CsHs-CHCOH) CH 2 
COOBT 

When subjected to the action of sodium amalgam, acetyl trimethyl- 
eneearboxylic acid is readily reduced with formation of hydroxyethyl- 
trimethylenecarboxylic acid, and this acid, under the influence of a 
laige excess of sodinm amalgam, is ultimately reduced to a-ethyl-£- 
hydroxybutvric acid (see pp. 870 and 872). 

The constitution of benzoyltrimethylenecarboxylic acid being ana¬ 
logous to that of acetyltrimethylenecarboxylic acid, it yields under 
similar circumstances hydrosybenzyltrimethylenecarboxylie acid, 


C 6 H/CO 

COOH 



CfcH/CHf OH) CH 3 

+ Hi “ cooh >c< ch; 


but whether this acid, on treatment with excess of sodium amalgam, 
can be converted into hydroxybenzylethylacetic acid, 

C«H*'CH(OH )-CH- (CJS a )-COOH, 

has not yet been definitely established. In studying this reduction, 
pure benzoyltrimethylenecarboxylic acid was dissolved in dilute sodium 
hydrate solution, and the sodium salt treated in a flat porcelain dish 
with about 1§ times the calculated quantity of per cent, sodium 
amalgam. 

During the operation a white, crystalline sodinm salt separated, 
which greatly impeded the reduction, and, therefore, especially at the 
latter part of the experiment, it was found necessary to bring this salt 
into solution by maintaining the liquid at a temperature of from 
50 60°, with the occasional addition of small quantities of water 
The product, after being separated from the mercury, was filtered hot, 
acidified with dilute sulphuric acid, and several times extracted with 
ether. The ethereal solution, when dried over calcium chloride and 
evaporated, deposited a colourless oil, which rapidly and completely 
solidified on standing. The crystalline cake was purified first by 
xecrystallisation from a mixture of benzene and light petroleum; the 
crystals were then dissolved in a small quantity of hot water, the 
solution filtered, and vigorously stirred as it cooled to prevent the 
formation of oily drops. In this way the new acid was obtained in 
the form of glistening, four-sided plates, which on analysis gave the 
following numbers:— 

I* 0*1683 gram substance gave 0*0972 gram H 2 0 and 0 4238 gram 
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II. 0*1472 gram substance gave 0*0868 gram H 2 0 and 0*3705 gram 
CO,. 


Found. 

Theory. t -*- N 

I- II* 

C. 68*75 per cent. 68*49 68*57 per cent. 

H. 6*25 „ 6 39 6*55 

O. 25*00 25*22 24*88 


Hydr oxybenzyltrimethy le necarboxy 1 ic acid melts at 94—96°. It 
is readily solnble in benzene, alcohol, and ether, bat only moderately 
so in hot and sparingly in cold water. 

The solution of the acid in dilute sodium carbonate does not 
decolorise potassium permanganate, even on standing for some time. 
When distilled, the acid is decomposed into water and a yellow oil. 
This oil appears to consist for the most part of two substances boiling 
at about 180—200° and 265—270° (140 mm.). The lower fraction 
smelt strongly of cinnamene, and the higher fraction on long standing 
solidified, but owing to the small quantities of these fractions at our 
disposal no clue to their constitution was obtained. 

Salts of Hydroxybenzyltrimethylenecarboseylic Add. 

The siher salt, CnHiiAgO*, was prepared by precipitating a neutral 
solution of the ammonium salt with silver nitrate. The white, 
amorphous salt thus obtained was washed with water, dried on a 
porous plate over sulphuric acid in a vacuum, and analysed with the 
following result:— 

0*2522 gram substance gave 0*0898 gram Ag. 

Theory. 

CiiHuAgOs* Found. 

Ag. 36*03 per cent. 35*61 per cent. 

A dilute neutral solution of the ammonium salt shows the following 
behaviour with reagents:— 

Copper sulphate , a light blue precipitate, sparingly soluble in water. 
Lead acetate , a white, caseous precipitate, moderately soluble in hot 
water. Zinc sulphate , a white precipitate, soluble in hot water. Barium 
chloride and calcium chloride , no precipitate. 

Reduction of Benzoyltrimethylene . 

Formation of PhenylpropyIcarbinol , C 6 H 6 *CH(OH)‘CH 2 *CH 2 ‘CH 3 . 

The reduction of acetyltrimethylene to methyl propylcarbinol by 
means of sodium in moibt ethereal solution is described on p. 874; 
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and, in studying this cnrions result, it appeared to ns that it would 
be interesting to investigate the action of this reducing agent on 
benzoyltrimethylene, in order to determine whether both these ke¬ 
tones would behave in the same way under this treatment. 

About 10 grams of pure benzoyl trimethylene dissolved in pure ether 
was floated on water, and reduced by 40 grams of sodium in small 
quantities at a time, the experiment being conducted exactly as in the 
case of the reduction of acetylirimethylene. As soon as all the sodium 
had dissolved the ethereal solution was separated, washed with a little 
water, dried over calcium chloride, evaporated, and the coloured, oily 
residue purified by fractionation under reduced pressure (100 mm.). 
About half of the substance distilled between 165° and 175°, leaving 
a thick, oily residue, which did not distil without decomposition, and 
was. therefore, not further examined. The fraction 165—175°, on 
redistillation, passed over almost entirely between 168° and 170 
(under a pressure of 100 mm.), and gave on analysis the following 
numbers:— 


0*1589 gram substance gave 0*1246 gram H.,0 and 0*4671 gram 
CO*. 


Theorv. 

C 6 H 0 *CH(Oii)-C 8 H 7 . Pound. 


C. 80*00 per cent. 80*12 per cent. 

H. 9*33 „ 9*33 

0. 1066 „ 10*55 


The snbstance is obviously phenylpropylcarhinol, produced by the 
addition of 4 atoms of hydrogen to benzoyltrimethylene, thus:— 

C^ t -CO-CH<9? a + 2H S = C 8 H i -CH(OH)-CH_-CH 2 -CH 5 . 

Oidli 

Phenylpropylcarhinol is a thick, colourless oil, of powerful aromatic 
odour, somewhat resembling that of benzyl alcohol. 


Beuzoylpropyl Alcohol, CeH 5 *C0*CH2 , CH i *CH s *0H, and 

n , 7 , , . c 6 h 5 *c:ch-ch 2 

Fhenyldehyaropentone , 1 \ • 

O ’ CJEl* 

Unlike acetopropyl alcohol, benzoylpropy] alcohol is only theoreti¬ 
cally capable ot forming one internal anhydride, thus:— 

C«H»*CO*CH s -CHj*CH»"OH = C,H s -C(OH):CH-CH 1 -CH,*OH = 

C,H S 'C:CH-CH, 

6 -Cfl, + HA 

Phenyldehydropentoue. 
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whereas the former, on account of the presence of the methyl group, 
may yield two internal anhydrides:— 

ch 3 .c:ch-ch 3 and ch 2 :c*ch 2 *ch 2 

O-CH a 6-CH 2 * 

Methyldehydro- Methylenetetr&liydro- 

pentone. turfuran. 

Tf now, on examination, the anhydride of benzoyl propyl alcohol 
should be fonnd to be isomeric with benzoyl trimethylene, this fact 
would obviously be a very strong argument in favour of the tri¬ 
methylene formula for the latter substance and its derivatives. 

In order to decide this point, a quantity of finely-divided benzoyl- 
trimethylenecarboxylic acid was converted into benzoylpropyl alcohol 
by boiling it with water for four days (see Freer and Perkin, Trans., 
1887, 51, 837), the hot solution filtered from a trace of an oily 
substance which had formed, rendered slightly alkaline by the addi¬ 
tion of potassium carbonate, and the cold turbid liquid extracted 
several times with pure ether. The ethereal solution after drying 
over calcium chloride and evaporation, deposited an almost colourless 
oil which consisted apparently of almost pure benzoylpropyl alcohol. 
This oil, after removal of the last traces of ether by means of a 
current of air, gave the following numbers on analysis:— 

0*1240 gram substance gave 0*0803 gram H 2 0 and 0*3348 gram 
C0 2 . 

Theory. 

C 6 H 5 *CO*CH 2 *CHj*CH 2 *OH. Found. 


C. 73*17 per cent. 73*03 per cent. 

H. 7*32 „ 7*19 

0. 19*51 „ 19*18 


When exposed over snlphui ic acid in a vacuum, it is slowly but 
apparently completely converted into its anhydride (Freer and Perkin, 
Zoo. cit.). 

On submitting crude benzoylpropyl alcohol to distillation, water is 
given off, and a small quantity of a colourless oil distils between 235° 
and 245 \ leaving a considerable residue of high boiling point in the 
retort. 

The fraction 235—245" thus obtained was dried over potassium 
carbon ite, redistilled, and the portion boiling at 240—241° (750 mm.) 
analysed with the following result:— 

0*1425 gram substance gave 0*0900 gram H 2 0 and 0*4273 gram 

C0 2 . 
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Theory. 

c 6 h 5 c:ch*ch^ 

6-CH 2 Pound. 

C. 82'19 per cent. 81 '77 per cent. 

H../ . 6*85 „ 7-01 

0. 10-95 „ 11-22 


The substance is therefore phenyldehydropentone, the internal 
anhydride of benzoylpropyl alcohol. Phenyldehydropentone boils 
practically at the same temperature as benzoyltrimetliylene (the 
latter boils at 239—239 5°, under a pressure of 720 mm.), and it is 
alho very similar to it in appearance, odour, and many other pro¬ 
perties. In order to determine whether the two substances were 
identical or isomeric, the action of bydroxylamine on both, under 
exactly similar conditions, was investigated. 

2 grams of phenyldehydropentone was dissolved in methyl 
alcohol, mixed with a concentrated aqueous solution of 2 grams of 
bydroxylamine hydrochloride, a solution of 4 grams of potassium 
hydrate in methyl alcohol added, and the whole allowed to stand 
for 15 hours. After distilling off the methyl alcohol, the milky 
liquid was extracted three times with pure ether, the ethereal solu¬ 
tion dried over calcium chloride and evaporated, and in this way 
about 1 gram of a colourless oil was obtained, which contained no 
nitrogen, and was most probably unchanged phenyldehydropentone. 
The alkaline solution, when acidified with hydrochloric acid, deposited 
an oil; this was extracted with ether, the ethereal solution dried 
over calcium chloride, evaporated, and the residual oil, which weighed 
about 1 gram, heated on a water-bath at 100° for one hour, and 
analysed with the following result:— 


0*1249 gram substance gave 0-0840 gram H a O and 0-3056 gram 
C0 3 . 

0*1823 gram substance gave 12*9 c.c. nitrogen; t = 18°; bar. = 
7*45 mm. 


C 

H 

N 


Theory. 

C^H^NO,. 


? cent. 


Pound. 


66 71 per cent. 


7- 47 

8 - 08 


99 

99 


This substance is therefore the oxime of benzoylpropyl alcohol* 
C«H s *C(lSrOH)'CH>*OH 2 'CH 3 *OH, and the above experiment shows 
that phenyldehydropentone is itself incapable of forming an oxime, 
but that in contact with water and h\ droxylamine it is slowly con¬ 
verted into the oxime of benzoylpropyl alcohol. 

In view of the fact that the oxime of aeetopropyl alcohol is entirely 
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converted into its anhydride on heating at 100°, it is very remarkable 
that the oxime of benzoylpropyl alcohol should remain unchanged at 
this temperature. This difference may, however, be readily explained, 
on the assumption that the oxime of acetopropyl alcohol has the 
3 -configuratioD, that of benzoylpropyl alcohol the a-cunfiguration, 
thus:— 


ch 3 *$.ch 3 -ch 3 *ch 3 -oh 

N-OH 

(j8). Oxime of acetopropyl alcohol. 


C 6 H 6 ^-CH 3 -OH 2 -CH 3 -OH 

OBXN 

(a). Oxime of benzoylpropyl alcohol. 


This would be another example in support of Hantzsch’s conclu¬ 
sions as to the structure of the ketoximes (Ber. 3 24, 31—36), namely, 
that the mixed aromatic ketoximes all have the ^-configuration, 
whereas the aliphatic ketoximes, on the other hand, are ^-oximes. 

Further experiments are in progress on the oximes of acetopropyl 
alcohol and benzoylpropyl alcohol, and also on those of the corre¬ 
sponding butyl alcohols; these, it is hoped, will throw more light 
on this interesting point. 

On studying the action of hydroxylamine on benzoyltrimethylene, 
using the same quantities and working under the same conditions as 
observed in the case of pheuyldehydropentone, very different results 
from the above were obtained. 

The product of the reaction, after distilling off the methyl alcohol, 
remained perfectly clear, and on acidifying with hydrochloric acid, a 
copious, oily precipitate was produced w hich in a short time became 
quite solid. The precipitate was collected, washed with water, dried 
on a piece of porous plate, and recrystallised several times from light 
petroleum and then from water. In this way the oxime of benzoyl- 
Irimethylene was obtained in hard, colourless crystals, which melted 
not veiy sharply at 90—92°, not at 86—87° as previously stated 
(Trans., 1885, 47, 844). 

The analysis of these crystals gave the following numbers :— 

01745 gram substance gave 13*5 c.c. nitrogen; t = 16°; bar. = 
745 mm. 


Theory. 

C 6 H 5 -C-(NOH)-CH<?^- Found. 

NT. 8*69 per cent. 8*84 per cent. 


Considerable difficulty was experienced in obtaining this substance 
in a pure condition ; it appeared to be a mixture of two compounds, 
and it is therefore possible that the oxime of benzoyltrimethylene 
exists in two modifications. 

In view of the results obtained in these experiments, there can now 
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be no doubt that benzoyltrimethylene and plienyldehy dropent one are 
totally different compounds. 

Phenyl Tetramethylene Glycol , C 6 H 5 , CH(OH)*CH/CH 2 *CH 2 *OH, awl 
Phenyl Tetramethylene Dibrom ide, C 6 Idj’CHBrC^'C^'CHaBr. 

In a previous investigation by P. C. Freer and one of us (Trans., 
1887, 51, 837), tbe action of water on benzoyltrimethylenecarboxylic 
acid at 100—110° was carefully studied, as it was thought that in this 
way benzoylpropyl alcohol might be obtained, thus:— 

+ h.o = C.H.-CO-CH.-CH.-CH.-OH + CO.. 

tUUa uils 

This decomposition would .be analogous to the formation of aceto- 
propyl alcohol from acetyltrimethylen ecarboxylie acid by boiling it 
with water (Trans., 1887, 51, 829). Although present in the aqueous 
solution obtained, it was not, at that time, found possible to isolate 
this ketone alcohol, owing to the fact that it decomposes at ordinary 
temperatures into water and its anhydride, methyldehydropentone, 
thus:— 

CJE.-CO-CH.-CH.-CH.-OH = C » Ha ^- CH ‘^ 2 + H 2 0. 

(For later experiments, see p. 887.) 

In a subsequent investigation by Dr. Schloesser and one of us, these 
experiments were repeated, and on treating the aqueous solution of 
benzoylpropyl alcohol with sodium amalgam we obtained phenyl 
tetramethylene glycol, thus:— 

C.H 6 -CO-CH a -CH 2 -CH 2 -OH -f H 2 = C 6 H 5 -OH(OH)-CH 2 -CH a -CH 2 -OH, 

and this, being mnch more stable than the ketone alcohol, conld be 
isolated without difficulty in the usual way. 

Pure benzoyltrimethylenecarboxylic acid was dissolved in ammonia, 
reprecipitated by dilute hydrochloric acid, and the finely-divided acid 
thus obtained boiled with a considerable quantity of water for about 
three days until the evolution of carbonic anhydride had entirely 
ceased. The warm aqueous solution was filtered from a very small 
quantity of phenyldehydropentone, which is always formed, and then 
treated in a fiat dish with four times the calculated quantity of sodium 
amalgam (2^ per cent.) in small quantities at a time, carbonic 
anhydride being passed through the liquid during the reduction. The 
product was saturated with potassium carbonate, extracted several 
times with ether, the ethereal solution dried over calcium chloride, 
concentrated on a water-bath, and then allowed to evaporate spon¬ 
taneously in a glass di sh . In this way, the new glycol was obtained 
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in hard, crystalline crusts, which, after recrystallisation from ether, 
gave on analysis the following nnmbers:— 

0*1736 gram substance gave 01326 gram H 2 0 and 0*4594 gram 


C0 3 . 

Theory. 

CiqHj^Oa. Found. 

C . 72*17 per cent. 72*21 per cent. 

H. 8*44 „ 8*48 „ 

0. 19*28 „ 19*23 


Phenyl tetramethylene glycol melts at 75°. It is readily soluble in 
alcohol, ether, and hot water, but only sparingly in cold water. When 
heated at a high temperature, it is decomposed, water is split off, and 
a thick, colourless oil distils which is probably phenyl tetramethylene 
C 6 H 6 -OH-CH s -CH 3 
0X1 e ’ o-CHs' 

Phenyl Tetramethylene Dibromide .—Phenyl tetramethylene glycol 
i*» readily acted on by fuming hydrobromic acid at 100° with forma¬ 
tion of a thick, oily substance which appears to be a mixture of the 
inonobromhydrin of phenyl tetramethylene glycol with phenyl tetra- 
methylene dibromide, but all attempts to isolate the pure dibromide 
from this mixture were unsuccessful. Ultimately the following 
method of preparing this substance, which is almost identical with 
that employed by Kipping and Pei kin in the preparation of phenyl 
pentamethylene dibromide (Trans., 1890, 57, 314), and gives a good 
yield of the almost pure product, was adopted. The pure glycol 
dissolved in chloroform is treated with 1^ times the calculated quantity 
of phosphorus pentabromide in small quantities at a time at ordi¬ 
nary temperatures until all action has ceased. The solntion is then 
decanted from any nndecomposed pentabromide, washed well with 
water, dried over calcium chloride, evaporated on a water-bath, and 
the last traces of chloroform removed by exposure over paraffin under 
reduced pressure. In this way, a thick, almost colourless oil is 
obtained which on analysis gave the following numbers:— 

0*2010 gram substance, heated at 180° with nitric acid and nitrate 
of silver, gave 0*2560 gram AgBr. 

Theory. 

C 10 H 12 Br> Found. 

Br. 54*80 per cent. 54*18 per cent. 

Phenyl tetramethylene dibromide is a very thick, almost colourless 
oil which on standing in the air gradually darkens. 
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Experiment* on the Behaviour of Ethyl Acety!trimethylenecarboxyla*e 
towards Isoamyl Iodide in the presence of Sodium Ethylate . 

In studying the properties of ethyl trimetbylenedicarboxylate, 
CH 

Y 2 >C(COOC 8 H 5 ) 3 , it was found to behave in all respects as a di- 
CH 8 

substituted ethyl malonate derivative: that is, it was incapable of 
forming a sodium compound when treated with sodium ethylate; 
hence its constitution could not be represented by the formula 
CH 2 :CH-CH(COOC 3 H 5 )2 (Trans., 1885, 47, 821, and 1887, 51, 849). 

Now. if ethyl trimethylenedicarboxy 1 ate and ethyl acetylfcrimethyl- 
eneearboxylate are similarly constituted, it follows that the latter 
shou'd also be incapable of forming a sodium compound, a hypo¬ 
thesis which was fully borne out by experiment. Hence ethyl 
acetyltrimethylenecarboxylate cannot be represented by the formula 

CH 3 :CH*CH<gg^ Hg . 

The experiment was conducted as follows:— 

28 grams of pure ethyl acetyltrimethylenecarboxylate was mixed 
with & odium ethylate containing 4*2 grams of sodium, 64 grams of 
isoamyl iodide added, and the mixture heated for five hours on a 
water-bath in a flask connected with a reflux apparatus. After dis¬ 
tilling off the alcohol as completely as possible, the residue was 
diluted with water, extracted several times with ether, the ethereal 
solution washed, dried over calcium chloride, and evaporated. A 
very small quantify of an ethereal oil was thus obtained; this, on 
fractionation, distilled principally between 195° and 210°, and con¬ 
sisted of slightly impure ethyl acetyltrimethylenecarboxylate; there 
was scarcely any residue boiling above 210° left in the retort. 

The aqueous liquors were evaporated to expel alcohol, acidified 
with dilute sulphuric acid, and repeatedly extracted with ether. The 
ethereal solution was dried over calcium chloride and evaporated, 
when about 19 grams of an almost colourless oil remained, which, 
on examination, was found to consist of acetyltrimethylenecarboxylic 
acid. The crude acid was converted into the characteristic silver 
salt, and this, after recrystallisation, analysed with the following 
result:— 

0*2367 gram substance gave on ignition 0*1083 gram silver. 

Theory. 

CH a CO<3H s _ 

L'Hs COOAg Found. 

Ag.. 45*89 per cent. 45*76 per cent. 

This experiment proves that ethyl acetyltrimethylenecarboxylate is 
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incapable of forming a sodium compound which, when treated with 
isoamyl iod.de, would yield a higher homologue, and, therefore, the 
constitution of this ethyl salt cannot be represented by the formula 

CH S .CH-CH< C00C ^, as a substance of that constitution would, 
by such treatment, have been converted into ethyl isoamylvinylaceto- 
acetate, Co H u > C <OOOO.H 5 - 


Action of Ethylene Bromide on the Sodium Compound of Ethyl 
Mhylacetoacetate. 

In the preceding section of this paper, it was shown that attempts 
to introduce the alkyl radical isoamyl into the molecule of ethvl 
acetyltrimethylenecarboxylate were unsuccessful: the reason assigned 
being that, as a disubstituted ethyl aeetoacetate derivative, this 
ethereal salt was incapable of forming a sodium compound which 
when Seated with an alkyl iodide, would yield higher homologues. ’ 
If this deduction be true, it follows that ethyl ethylacetoacetatp 
CH 3 .CO.CH(C 3 H 5 ).COOC.H m when treated with sodium 3 
bromide shouW also be incapable of yielding an ethyl substituted 
ethyl aoetyltrimetbylenecarboxylate. The following experiment was 

instituted with the object of testing this hypothesis:_ 

A mixture of 175 grams of ethyl ethylacetoacetate, 110 grams of 
ethylene bromide, and 26 grams of sodium (in the form of sodium 

r T A f“T six i 1 ^ rs ou a ^ater-bath, the alcohol then 
distilled off, water added, and the product extracted three times with 

e ^ er ® al »lnbaam» evaporated, and the oily residue 
submitted to distillation in a rapid current of steam, when it was 

onw-f f alm °f the 7 h0le d * stUled 07er ’ lea ™g only a very small 
quantity of am oily residue m the retort. The distillate was extracted 

with ether, the ethereal solution dried over calcium chloride, evapor¬ 
ated, and the rewdual oil purified by fractional distillation It was 
thus roughly separated into two fractions 120—200° (70 eramsl and 
(.bo* 20 g™™). Th. tot portto, o. ££ 

refractionation from a Wiirtz’ flask provided with a long neck, yielded 
a large quantity of a colonrless oil boiling constantly at 120°, and 
which, ou examination, was found to consist of pure ethyl butyrate. 

I. 01584 gram substance gave 0‘3470 gram CO* and 0-1447 gram 

II. 0-1309 gram substance gave 0-2955 gram CO* and 0-1239 gram 
HgO. 
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Pound. 

Theory. ( -*-^ 

CH 5 -CH 3 OH 2 £;OOC 3 H rf . I. II. 


C. 62*08 per cent. 61*69 61*57 per ce*:t. 

H. 10*34 „ 10 48 10*28 „ 

0 . 27*58 „ 27*83 28*15 „ 


This ethereal salt was hydrolysed bv boiling with potassiam 
hydrate solution, and the acid obtained by acidifying the solution 
with hydrochloric acid and extraction with ether boiled constantly 
at 162—163% and showed all the properties of normal butyric acid. 
The formation of ethyl butyrate in tics reaction must be due to the 
partial hydrolysis of the ethyl ethylacetoacetate, brought about prob¬ 
ably by the prolonged boiling of its sodium compound, 

CH^CO-CHCCiHsJ-COOCiHs + H 2 0 = CH 3 -COOH + 

CH 2 (C 2 H 5 )*COOC 2 H 5 . 

The higher boiling fraction, obtained as described above, was sub¬ 
mitted to most careful fractionation, but nothing definite could be 
isolated. The whole was therefore hydrolysed, and thus converted 
into a neutral substmee (which was not examined), and a very small 
quantity of an oily acid. 

As this acid might possibly have been an ethyl derivative of acetyl- 
trimethylenecarboxylic acid, a number of experiments were instituted 
with the object of proving its identity. As, however, the substance 
was not attacked by fuming hydro bromic acid with formation of a 
substituted acetopropyl bromide, nor decomposed by boiling with 
water yielding a substituted acetopropyl alcohol, there can be no 
doubt that an acid constituted analogously to acetyltrimetbylene- 
earboxylic acid was uot present. 


LXXIX .—The Gravivolumeter , an Instrument by means of which the 
Observed Volume of a Single Gas gives directly the Weight of the Gas. 

By Francis R. Japp, F.R.S. 

Ax apparatus for effecting this object has been described by Lunge 
(JBfer., 23, 448; see also 2?er., 24, 735); but his method labours under 
the disadvantage of requiring for each gas a separate apparatus with 
a special graduation. Thus Lunge’s apparatus for measuring nitrogen 
is a “ gas volumeter,” with divisions of 0*798 c.c. (further subdivided 
into tenths), each of which divisions will contain a milligram of 
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nitrogen under standard conditions. The reduction to standard 
state is effected mechanically by means of the “ regulator” attached 
to his gas volumeter. 

Another method employed by Lunge (/. Soc. Chem. Lid., 9, 23), 
available in cases in which the gas evolved from a solid or liquid sub¬ 
stance has to be determined, consists in weighing out such a quantity 
of substance that the number of cubic centimetres of “ standard-dry ” 
gas evolved will represent the percentage by weight of this gas con¬ 
tained in the original substance. The method is available only in 
this particular class of cases, and gives only the percentage weight, 
not the absolute weight, of the gas. 

I wish to point out how, by slightly modifying Lunge’s gas volu¬ 
meter, an apparatus may be constructed by means of which, with an 
ordinary graduation in cubic centimetres, any required single gas 
may, without observation of temperature or pressure and without 
calculation, be measured under such conditions that each cubic centi¬ 
metre represents a milligram of the gas. For this purpose it is neces¬ 
sary that the “regulator” of Lunge’s instrument, which is wider 
above than below, and is graduated only between the divisions 100 
and 130 c.c., should be replaced by an ordinary 50 c.c. gas burette 
which can be read throughout. The method of reduction by means 
of this regulator differs from that employed by Lunge. 

The apparatus is represented in the annexed drawing (p. 896). It 
consists of two gas burettes, of 50 c.c. capacity each, both furnished 
with obliquely bored taps. One of these burettes, A, which has a three- 
way tap, is the gas measuring tube; the other, B, which need only 
have a single tap, performs, as already mentioned, the function of the 
regulator in Lunge’s gas volumeter, and may be termed the u regu¬ 
lator tube.” As in Lunge’s instrument, both tubes are moistened 
internally with a drop of water, in order that the gases they contain 
may be saturated with aqueous vapour, and both are connected, by 
means of stout, flexible tubing and a T-piece, with the same movable 
reservoir of mercury, G. And since, in certain determinations, the 
level of the mercury reservoir is considerably below the lower end o 
the two burettes, and an inward leakage of air might thus occur at 
the junctions of the burettes with the india-rubber tubing, these 
junctions are surrounded with pieces of wider india-rubber tubing, 
D, D, tied round the bottom and open at the top, and filled with water, 
so as to form a water-joint. 

The 25 c.c. division of the regulator tube is taken as the starting 
point in calculating what may be termed the “ gravivolumetric 
values ” of the different gases to be measured. Thus in the case of 
nitrogen it is necessary to calculate to what volume 25 cc. of 
standard-dry nitrogen must be brought in order that 1 c.c may 

VOL. lix. 3 Q 
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correspond with 1 milligram of tlie gas; that is to say, 25 c.c. of 
standard-dry nitrogen weigh 0'00125b X 25=0*0314 gram; and, there¬ 
fore. these 31*4 miligrams mast he brought to the volume of 31*4 c.c. 
The division 31*4 on the rujnlator tube is marked 3T,. Corresponding- 



- Ji 



points are in like manner determined for the various other gases 
which it is desired to measure, and these points are marked 0 2 , 
CO> <fcc., as the case may be, on the regulator tube. Finally, the 
thermometer and barometer are read (a process only necessary 
once for all in setting the regulator), the volnme which 25 c.c. of 
standard-dry air would occupy if measured moist at the observed 
temperature and pressure is calculated, and this calculated volume 
of air is admitted at atmospheric temperature and pressure into the 
regulator tube and the tap closed. The instrument is now ready 
for use. 

Suppose it is desired to ascertain the weight of a quantity of 
nitrogen contained in the measuring tube. The mercury reservoir is 
raised or lowered until the mercury in the regulator tube stands at 
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the nitrogen mark, 81*4, at the same time adjusting the regulator 
tube itself by raising or lowering it bodily, so that the mercury level 
in tbe measuring tube and the regulator tube may be the same. 
Under these circumstances each cubic centimetre of gas in the measur¬ 
ing tube represents 1 milligram of nitrogen. For since in the regu¬ 
lator tube 25 c.c. of standard-dry air have been made to occupy the 
volume of 31*4 c.c., and since the gases in the two tubes are under 
the same conditions as regards temperature, pressure, and saturation 
with aqueous vapour, therefore, in the measuring tube, every 
25 c.c. of standard-dry nitrogen have also been made to occupy the 
volume of 81*4 c.c. But 25 c.c. of standard-dry nitrogen weigh, as 
we have seen, 31*4 milligrams: so that the problem is solved, and 
the cubic centimetres and tenths of cubic centimetres give directly 
the weight of the gas in milligrams and tenths of milligrams. 

The various other single (i.e., unmixed) gases may be weighed in 
like manner by bringing the mercury in the regulator tube to the 
*• gravivolumetric mark 99 of the gas in question, and adjusting the 
levels as before. An exception would be made in the case of 
hydrogen, which would be brought to such a volume that the cubic 
centimetre would contain a tenth of a miligram. 

Mixtures of gases may also be weighed, provided that the density 
of the mixture is known. 

Lastly, if the mercury in the regulator tube be brought to the 
mark 25 and the levels adjusted, a gas or mixture of gases in the 
measuring tube will have the volume which it would occupy in the 
standard-dry state. In this form the instrument is merely a gas 
volumeter, as described by Lunge, and may be used fox* ordinary 
gas analysis. 

It remains to describe the experiments made with the view of 
ascertaining the degree of accuracy of which the apparatus is 
capable. 

The capacity of the burettes employed had been measured for every 
10 c.c. by the maker in the process of graduating them; but I further 
calibrated them, before use, by filling the tubes above the mercury 
with water, displacing the water upwards through the taps by 
mercury, and weighing the water displaced from every 4 c.c. of the 
tubes. The differences of capacity—50—£6 c.c., 46—42 c.c., <fcc.— 
were found to be practically accurate as far as division 2; but in 
both burettes the difference 2—0 c.c. was found to represent a 
capacity of 2-2 c.c. instead of 2 c.c., the result being that from 
division 2 to division 50 the actual capacity of the burettes was 
everywhere 0*2 c.c. greater than the nominal capacity.* This correc- 

* The assumption that the maker had measured the capacity of the inverted 
burette with mercury would only partially account for this error. 

3 q 2 
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tion of 0*2 was. therefore, added to the readings of the measuring 
tube, and the same amount was deducted in filling the regulator and in 
fixing the gravivolumetric marks. The formulae indicating the latter 
were not engraved on the tube, as lecommended in the foregoing; 
instead, a thin india-rubber band, slipped round the regulator tube, 
was placed at the division just below the gravivolumetric mark, and 
served to guide the eye. 

The measuring tube and regulator tube were held by a double 
clamp, the arms of which could be moved horizontally, so as to admit 
of bringing the tubes close together when necessary.* The two 
tubes were so arranged that, after adjusting the levels and ascertain¬ 
ing that the mercuiy in the regulator tube was at the gravivolumetric 
mark, it was possible to read both levels without moving the position 
of the eye. The object of this was that any possible error of parallax 
might occur equally and in the same direction in both tubes, in 
which case the two errors would tend to neutralise one another in 
the final result.f The mercuiy reservoir was held by a clamp 
attached to a separate stand, so that in the case of extreme differ¬ 
ences of pressure the entire stand could be placed on a different level 
from the rest of the apparatus. 

As it was obviously unnecessary, in the trial measurements, that 
the apparatus should contain the actual gases uuder consideration, the 
following plan was adopted:— 

After filling the regulator in the manner already described, the tap 
of the measuring tube was opened, and any desired volume of air was 
admitted by lowering or raising the mercury reservoir. The point 
-where the mercury stood iu the measuring tube was noted, and the 
tap was then closed; barometer and thermometer were also read. 
The measuring tube thus contained a known volume of moist air, 
which had been measured at known (atmospheric) temperature and 
pressure. This quantity of air was then gravivolumetrically 
measured (1) as methane, (2) as nitrogen, (3) as air itself, and (4) as 
carbon dioxide, the first and last being selected as giving the 

* I have not had an opportunity of reading a description of the doable dam p 
{Qabelhlammer) used by Lunge. His method of adjusting the levels by fixing the 
measuringtube and the mercury reservoir in the same doable clamp is not applicable 
to the gravivolumeter on account of the differences of pressure which it is fre¬ 
quently necessary to employ with this instrument. 

t Suppose the eye in reading to be too high, the mercury in the regulator would 
stand below the gravivolumetric mark, and the gas in the measuring tube would 
consequently be expanded beyond its proper volume. But owing to the eye being 
too high, this too great volume in the measuring tube would be read off as smaller 
than it actually is. In the ease of equal volumes of gas in regulator and measuring 
tube, there would thus be a total correction of the error committed (since the two 
tubes axe of equal bore), and in every case a diminution. 
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extremes of density with which it would in practice be necessary to 
deal, excepting the case of hydrogen before referred to. The weight 
of the air was then, from the original data of volume, temperature, 
and pressure, calculated on these same four assumptions, and the 
calculated weights were compared with those obtained by the gravi- 
volnmetric method. 

Four series of experiments were made, the results of which are 
here tabulated. In the hist series, the air was not gravivolumetric- 
ally measured as air itself, the idea of making this measurement not 
having occurred to me at that time. -No observation has been 
rejected. 

The gravivolumetric values are:—Methane, 17*9; nitrogen, 31*4 ; 
air, 32*35; carbon dioxide, 49*3. Reference has already been made 
to the correction introduced. 

The first column of figures contains the gravivolumetric measure¬ 
ments in <fc milligram cubic centimetres the second the calculated 
weights in milligrams. 

J Experiment L 

o. t. Bar. 

Air (moist) in measuring tube. 16*25 c.c. 14*5° 772 mm. 

Volume in Calculated 

Tiigr.-c.e. -weight in mgr. 

AsCH*. 11*10 11*07 

„ . 19*40 19*38 

„ C0 2 . 30*40 30*45 

Experiment II. 

v. t. Bar. 

Air (moist) in measuring tube . 18*5 c.c. 14*5° 768 mm. 


As CHi.. 

Volume in 
mgr.-c.c. 

. 12*55 

Calculated 
weight in mgr. 
12*54 

» 

_ 21-95 

21-95 

,, air..« 

. 22-60 

22-60 

CO® •« 

..... 34*45 

34-49 

Experiment HI. 

v. t. 

moist) in measuring tube. 21*3 c.c. 15*5° 

As CHi •. 

Volume in 
mgr.-c.c. 

_ 14*15 

Calculated 
weight m mgr. 

14*18 

,, Rj..«• 

. 24-85 

24-82 

„ a\r .. 

... . 25-60 

25*55 

vt C0 2 *, 

. 39-05 

3900 
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Edpenmpnt JT. 

r. t. Bar. 

Air (moist) in measuring tube. 25*0 c.c. 15° 764 mm. 

Volume in Calculated 

mgr.-c.e. weight in mgr. 


AsCH*. 16*80 16*82 

„ X.. 29-45 29*43 

„ air. 30*35 30*30 

„ CO. 46*30 46*25 


Assuming the graduation of a gravivolumeter to be correct, or tbe 
defects of graduation to be eliminated by calibration, the sources of 
error in such an instrument are, broadly speaking, four in number, 
and are to be found in imperfections (1) in filling tbe regulator, 
(2) in adjusting the levels, (3) in reading the regulator, and (4) in 
reading the measuring tube. The first of these operations, that of 
filling the regulator, is performed once for all with very great care, 
and may, for all practical purposes, be disregarded as a source of 
error. Again, in adjusting the levels, the two tubes can be brought, 
by means of tbe double clamp, within such a short distance of one 
another that the adjustment is also practically accurate. The sources 
of error lie in the two last operations. The burettes are divided into 
tenths of cubic centimetres, and can be read with the eye alone accu¬ 
rately to 1/20 c.c. Calculating this error on 25 c.c. as the average 
volume of gas contained in the regulator tube and measnring tube 
respectively, we have 1, (20 x 25) = 1,500 as the error for each tube. 
But as tbe error in the regulator repeats itself in exact proportion in 
the altered volume of gas in the measuring tube, we must add the 
error of the regulator to tbe independent error of the measuring 
tube, in order to ascertain tbe maximum error, which would thus be 
1; 250; and this, calculated as assumed, upon 25 c.c. of gas, would bo 
equal to an error of reading of 0'1 c.c. in the final result. Am in¬ 
spection of the foregoing experimental results, however, discloses the 
fact that the maximum error is only half this amount, or 0*05 c.c.; 
and this I attribute to the fact that, owing to the method of reading 
employed, the errors of reading in the regulator and measuring tube 
are not, as assumed in the foregoing calculation, independent, but 
tend to neutralise one another (t ride supra). 

This error of 0*05 c.c. is, however, the error of reading of any gas 
burette which is read with the eye alone; and the gravivolumeter 
may, therefore, claim to possess the same degree of accuracy as 
instruments of this class generally. 

The gravivolumeter is designed to fulfil a variety of purposes for 
which Lunge employs a number of different gas volumeters, and 








JAPP: THE GRAVTVOLUMETER. 


901 


from the foregoing I anticipate that it will fulfil these purposes 
equally well. In addition, it is no small advantage of the apparatus 
that, unlike Lunge’s specially graduated gas volumeters, it makes no 
claim upon the skill of the instrument maker beyond that of carrying 
out the ordinary graduation in cubic centimetres with which he is 
familiar. 

In analytical processes in which the weight of a gas evolved from 
a weighed quantity of substance has to be determined, the instru¬ 
ment ought to be of service. It is sufficiently accurate for technical 
purposes, and even for some scientific purposes, such as the absolute 
determination of nitrogen in organic substances, and the determina¬ 
tion of the weight of displaced air in V. Meyer’s vapour density 
method, purposes for which Lunge has employed his gas volumeter. 

My preliminary note on the subject of the gravivolumeter (Proc., 
1891, 68) has been criticised by Professor Lunge ( Ber ., 24, 1656). 
One or two points of this criticism appear to me to rest on a mis¬ 
understanding. 

Professor Lunge begins by quoting my statement that the gravi- 
volumeter is, with a slight modification, identical with his gas volu¬ 
meter, and adds that it is “ absolutely identical.” He then goes on 
to say that, by altering the form of the regulator, I have so diminished 
the accuracy of the instrument as to render it useless for many pur¬ 
poses. I fear I must leave Professor Lunge to reconcile these two 
statements. I will return later, however, to this question of the 
supposed diminished accuracy. 

Professor Lunge denies that there is anything new in the principle 
of reading off volumes directly as weights in an apparatus divided 
into cubic centimetres, because, he says, he has effected this by the 
device of employing determinate weights of substance. (This refers 
to the case to which I have already alluded in the beginning of 
this paper, in which the gas evolved from a solid or liquid substance 
has to be determined.) Here Professor Lunge neglects to distinguish 
between absolute weight and percentage weight. My method gives 
the absolute weight of the gas; his method gives only the percentage 
weight referred to the weight of substance taken, and can, under no 
circumstances, give directly the absolute weight. 

Professor Lunge admits that the principle of so regulating the 
pressure in the case of each gas that a cubic centimetre represents a 
milligram is new, and this is all that I ever claimed as such. The 
name “ gravivolumeter,” however, appears to give him offence, for he 
says: “ I am unable to see why Japp should give my instrument a 
new name, merely because he takes the readings in a slightly different 
way.” I may say that the name “ gravivolumeter ” was intended 
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to express, amongst other things, the family relationship of the in¬ 
strument to Professor Lun g ers u volumeter,” and was thns an acknow¬ 
ledgment of obligation; as, indeed, the acknowledgments of 
obligation thronghout my entire note could hardly have been more 
profuse. The name may or may not find acceptance; but I should 
apply it to any form of gas volumeter which reduces volume directly 
to weight; thns I should term Professor Lunge’s apparatus with 
divisions of 0*798 c.c. a nitrogen gravivolumeter, while mine is a 
universal gas gravivolumeter. 

I have reserved nntil the last Professor Lunge’s strictures on the 
supposed diminished accuracy of the instrument. Referring to the 
system of reduction of volume employed by me, he says: “ It involves 
that the reduction tube, instead of having the form which I gave to 
it—expanded in the upper part and capable of being read with an 
accuracy of 1/20 c.c. between the degrees of 100—130 c.c.—is of 
cylindrical form and of only 50 c.c. capacity; and further, that the 
normal volume is, not 100 c.c., bnt only 25 c.c., of air. In this 
way the accuracy of the observations is a priori reduced to and, on 
account of tbe inconvenient form of the tube, probably even to of 
that attainable with my form of tube. In fact, Japp himself antici¬ 
pates only* a degree of accuracy sufficient for technical purposes, 
whilst with my system a degree of accuracy to 1/(100 x 20) = 1/2000, 
quite sufficient for most scientific purposes, can be attained without 
the slightest difficulty.” 

I entirely fail to follow the reasoning with regard to the inconveni¬ 
ent form of the tube, as it is quite evident that two cylindrical burettes 
can be brought closer together, and the levels, therefore, more accu¬ 
rately adjusted, than if one of the tubes bulges above the grad ua ted 
portion, like Professor Lunge’s regulator. 

But the chief point to which I wish to call attention in Professor 
Lange’s argumentation is the way in which he tacitly assumes 
throughout that the only source of error in the instrument lies in a 
faulty adjustment of the regulator, and that because his regulator can 
be adjusted four times as accurately as mine, therefore the in dica ti ons 
of his instrument are four times as accurate. I have already discussed 
the way in which the errors of the regulator tube and measuring tube 
might be expected to combine, and if it be borne in that in 
Professor Lunge’s instrument, as in my own, the final reading is made 
with a 50 o c. burette, which cannot he read, with certainty, to nearer 
than 1//20 c.c., the advantages of the superior accuracy of adjustment 
of his regulator will appear problematical, and his estimate of the 

* Professor Lunge unintentionally exaggerates the modesty of my antici pations . 
The wends in my note which he renders by nttr (only) were “ at all events.” 
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capabilities of his instrument unduly favourable. The foregoing 
calculation, 1/(100 X 20) = 1/2000, gives the error of his regulator; the 
error of the measuring tube, calculated on the basis of 25 c.c. as the 
average amount of gas measured, would be 1/(25 x 20) = 1/500, or four 
times that amount. But in Professor Lunge’s discussion of the 
question, the greater of these two errors is entirely ignored. It is a 
commonplace of physical measurement that there is no advantage in 
making one of the interdependent parts of a determination exceedingly 
accurate, if the result is vitiated by a much greater exTor in another 
part. 

I do not think that Professor Lunge can get rid of the error of 
1 20 c.c. in reading his measuring tube; and this, as I have experi¬ 
mentally shown, is the maximum error of my instrument. 

I venture to oppose my experimental proof of what the gravivolu- 
meter can do to Professor Lunge’s theoretical prognostications of 
what it cannot do. 

University of Aberdeen . 


LXXX.— On the Vapour Pressures and Molecular Volumes of Acetic 

Acid . 

By Sidney Young, D.Se., Professor of Chemistry, University 
College, Bristol. 

The thermal properties of acetic acid have been studied by many 
observers, among others, Playfair and Wanklyn, Bineau, Cahours, 
Regnault, Naumann, and Horstmann. In 1386, the vapour pressures, 
specific volumes, and vapour densities of this substance were deter¬ 
mined by Dr. Ramsay and myself (Trans., 1886, 49, 790) up to 280°, 
but we were unable at the time to reach higher temperatures. The 
addition of dibenzyl ketone to the list of pure substances suitable 
for heating agents has, however, enabled me to extend the observations 
to the critical point of acetic acid. 

The same specimen of acid was employed as in the previous in¬ 
vestigation ; it was carefully fractionated to remove water, and the 
boiling point was determined on various occasions with the following 
results:— 
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Pressure. 

Boiling point. 

Corrected to 760 mm. 

753 "5 

118-1 

118 *35 

756*6 

118 -2 

118 *35 

758*7 

118-27 

118 *32 

756 7 

118-22 

118*36 


Mean 

.. 118*35 


The vapour pressures and specific volumes were determined in a 
modified Andrews’ apparatus similar to that previously employed, 
and the corrections of the pressure were the same as before. 

In filling the tube, great care was taken to avoid the presence of 
moisture; the acid wa& freshly distilled each time, and the distillate 
was collected directly in the little glass vessel from which the tube 
was filled. The glass vessel was also placed, during the distillation, 
in a drying chamber containing dishes of sulphuric acid and of phos¬ 
phorus pentoxide, the delivery tube trom the distillation bulb passing 
through a perforated sheet of india-rubber into the chamber. In this 
way the acid was prevented from coming in contact with moist air. 

Some readings of pressure and volume were taken at temperatures 
below 280°, and, as two tubes burst during the investigation, there 
are three separate series of determinations of vapour pressures and 
two of specific volumes. 


Vapour Pressure. 
Series L 


Temp. 

Pressure. 

Mean. 

Temp. 

Pressure. 

Mean. 

240 e 

125091 
12495 1 
12484 f 
12478J 

12492 

270" 

206961 
20653 1 
20624 f 

20610J 

20646 

230° 

14S761 
14859 1 
14851 f 
14836J 

14656 

280-25* 

242511 

24197/ 

24224 

260' 

175841 
17593 1 
17549 f 
37542J 

1 

17567 


I 
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Series II. 


Temp. ' Pres&ure. 


150° 


100 ° 


1W 


18771 
1S75 I 
1875 f 
1S75J 

24141 
2408 I 
2407 f 
2407J 

30621 
3058 \ 
3058 f 
3053J 


Mean. 


Temp. 


Pressure. 

I 


1875 


2409 


230° 104331 

10398 I 
1 10395 f 

10400J 

240“ 125161 

12507 I 
12506/ 
12517 J 


Mean. 


10406 


12511 


3058 


250° 


149031 
14886 1 
14862 f 
11855J 


14876 


180 


190 


200 ° 


210 " 


220 ° 



176321 
17595 I 
17563 f 
17572J 


17590 


47461 
473S I 
4735 f 
4729J 

58491 
5846 I 
5843 f 
5832J 

71501 
7135 1 
7140 f 
7130J 


4737 


5843 


7139 


270° 


207211 


20653 1 
20629 f 

20636 

20621J 



280 7° 


290’ 


244491 
24367 1 
24346 f 
24366J 

276661 
27651 I 
27662 f 
27682J 


243S2 


27665 


86561 
86461 
8642 f 
8640 J 


300° 


8646 


321141 

32080/ 


32097 


Series III. 


190° 

47301 

i 

210° 

7X201 



4729 

4728 

j 4729 


7109 1 
7108 r 

7111 


4728J 

1 





58291 

1 


86361 



■m 

l 1 5823 


8622 1 
8630 r 

8630 


■ 

1 1 



1 


i 
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Section III—continued. 


Temp. 

Pressure Mean. 

Temp. 

Pre^suie 

Mean 

230° 

10398*1 
10390 1 
10413 | 
103SSJ 

|- 10397 

310° 

369281 
36948 [ 
36952J 

36943 

! 

290° 

27539] 
27364J 

[■ 27576 

320° 

425631 
42542J 

42553 

300' 

320011 
31974 I 
31906 I 
32u06j 

j. 31987 

321-65 

(critical 

temp.) 

43404 j 

I 

| 43404 


The vapour pressure agrees fairly well with those observed by 
Ramsay and myself, but are rather lower at high temperatures. I 
have, therefore, calculated the constants for Biot’s formula (logp = 
a*+ bod + c/3*) for a range of temperature from 120° to 320°, the old 


Table of Vapour Pressures. 


Temperature. 

Mean pressure 
observed. 

Calculated from 
new constants. 

Calculated from 
old constants. 

120° 

_ 

804 

794 

130 

— 

1083 

1068 

140 

— 

1431 

1414 

150 

1875 

1863 

1847 

160 

2409 

2392 

2382 

170 

3058 

3034 

3035 

180 

3833 

3809 

3826 

190 

4733 

4735 

4775 

200 

5833 

5836 

5905 

210 

7125 

7134 

7238 

220 

8638 

8655 

8800 

230 , 

10402 

10426 

10619 

240 

12501 

12475 

32724 

250 | 

14866 

14832 

15144 

260 | 

17579 

17527 

17913 

270 ‘ 

20651 

20590 

21063 

280 | 

24123* 

24055 

24629 

290 1 

27621 

27951 


300 

32043 

32312 

_ 

310 1 

36943 

37168 

_ 

320 

42553 

42550 

— 


* Calculated from observations at 280 *25° and 280 mt 7°. 
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values at lower temperatures being taken as correct. The constants 
are: 

a = 6-29974; 

log b = 0*5226921 ; log c = 2-7963908; 

log a = 1*99850102 ; log/? = 1-98695760; 

b and c are both negative; t = f O. — 120. 

In the preceding table, the pressures calculated from these con¬ 
stants are compared with those found experimentally and with the 
values calculated by Ramsay and myself from the old constants for 
Biot’s formula:— 


Volumes of a Gram and Molecular Volumes of Liquid. 

In the following table, I have given the observed volumes of a 
gram of liquid and the molecular volumes calculated from the mean 
values, also the molecular volumes read from a curve, and those pre¬ 
viously observed by Dr. Ramsay and myself:— 


Tempera¬ 

ture. 

Volume of a gram. 

1 Molecular volumes. 

Series I. 

Series II. 

* Mean. 

i Mean from 
| observed values. 

) 

From 

curve. 

1 R. & T. 
observed. 

140 *<y 

1-100 

_ 

1-100 

65-84 

65-84 

65-69 

150-0 

1-116 


1*116 

66-83 

66*79 

1 66*68 

160*0 

1-134 

— 

1*134 

67*90 

67*80 

67-76 

170-0 

1-151 


1 *151 

68-89 

68*85 

68*66 

180*0 

1-169 

— 

1*169 

69-96 

69-97 

69-84 

190*0 

1*188 

1*188 

1-188 

71 -11 

71-15 

71-29 

200*0 

1-210 

1-210 

1*210 

72-43 

72-43 

72-60 

210*0 

1*233 

1*232 

1-232 

73-79 

73-82 

74-04 

220*0 

1-260 

1*258 

1-259 

75-36 

75-88 

75-56 

230-0 

1-287 

| 1*291 

1*289 

77-18 

77-10 

77-33 

240*0 

1-320 

1_ 

1-320 

79-03 

79-0C 

79-21 

250 0 

1-359 

— 

1-359 

81-34 

81-29 

81-90 

260-0 

1*401 

— 

1-401 

83-84 

83-89 

84-16 

270*0 

1*450 

_ 

1-450 

86-79 

86*75 

87-21 

280*7 

1-516 

1 — 

1-516 

90-72 (280°) 

90-30 

I 90-77 

290*0 

1-578 

1*577 

1-578 

94*44 

94-50 

— 

300-0 

— 

1-679 

1-679 

100-5 

100-6 

i _ 

310-0 

— 

1-844 

1-844 

110*4 

110-4 1 

1 - 

320-0 

_ 

2*167 

2-167 

129-7 

129-7 i 

[ - 

321-5 

— 

2*375 

2-375 

142-2 

142-0 

— 

321*55° 

_ 

2-41 

2-41 

144-0 

144-0 ! 

— 

321-65 


2*46 

2-46 

147*0 

147 -0 

1 

(Critical 

volume) 


A« the two series of determinations were made with different tubes. 
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the agreement is Terr satisfactory. The new results agree also fairly 
well with the old ones. 


Critical Constants. 

The following observations were made near the critical point:— 

At 321*5°. the meniscus could be made to disappear by diminishing 
the volume rapidly; it was, however, quite distinct, though flat, 
when the volume remained constant. 

At 321*55°. the meniscus was indistinct, but became clearly defined 
on increasing the volume slightly. 

At 321*65°. the substance was apparently at its critical point; a 
momentary separation of liquid and vapour could be produced bv 
increasing the volume slightly but rapidly. 

At 321*8°, a dense mist and strise were formed on increasing the 
volume, and it was just possible to obtain a faint line of separation of 
liquid and vapour by a rapid and more considerable increase of 
volume. 

The acetic acid was assumed to occupy its critical volume when a 
very slight hut rapid expansion gave a momentary line of demarca¬ 
tion of liquid and vapour almost exactly at the top of the tube. 

The critical temperature 321*65° is almost identical with that ob¬ 
served by Pawlewski, 321*5° (Ber., 16, 2633). The critical pressure 
is 43400 mm., the critical volume of a gram 2*46 c.c., and the critical* 
molecular volume 147 c.c. 

Vuhimps of a Gram and Molecular Volumes of Saturated Vapour. 

Some determinations were made by the new method (Trans., 1891, 
59.37but, unfortunately, the tube burst at 280°. The agreement with 
the previous results by Ramsay and myself is good from 220° to 280°, 
as will be seen from the table. 

A determination was also made at 310° in the modified Andrews’ 
apparatus by observing the volume of liquid when all the vapour was 
condensed, and afterwards with different volumes of vapour above 
the liquid. 

Erom four readings of the volume of liquid, three calculations of 
the ratio of the specific volume of saturated vapour to that of liquid 
could be made; they gave the values 3*16, 3*21,3*08—mean 3*15. 
From this, the volume of a gram and molecular volume of saturated 
vapour were calculated. The molecular critical volume, as already 
stated, is 147 c.c. The logarithms of the molecular volumes were 
mapped against the temperature and a curve constructed; the 
smoothed logarithms were read from the curve, and the molecular 
volumes corresponding to them are given in the table together with 
the observed values. 
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1 

Temperature 

1 

Observed volumes of a gram. 

New method Old method. ^ R. & Y. 

1 

1 Molecular volumes. 

l 1 

Obser\ ed. j Prom curve. 

220-0° 

32-9 

_ 

33 32 

1971 

1 1982 

230*0 

27*7 ! 

— 

27-72 

1 1657 1 

1 1652 

240*0 

23-2 I 

— 

23*12 

1380 

1384 

250*0 

19*3 

— 

19*32 

1 1157 1 

1160 

200-0 

16-1 

— 

ie-17 

960 

971 

270*0 

13-6 

— 

13-51 

813 

813 

280*0 

11 4j , 

i ' 

11 *21 

682 

678 

200-0 



— 

— 

558 

300*0 

— 

— 

— 

— 

450 

310-0 

— 

5-81 

— 

848 

349 

320-0 

— 

— 

— 

— 

231 

321 -65° 


2*46 

— 

147 

147 


Special interest attaches to the determination of the densities of 
the saturated vapour of acetic acid, because it is believed that the 
abnormally high values at low temperatures are due to the existence 
of complex molecules. I have, therefore, calculated the vapour 
densities corresponding to the above molecular volumes and also 
the ratios of the actual vapour densities to the theoretical density 
for the formula C 2 H 4 0 2 . 

The results are given in the following table:— 


Temperature. 

1 

Density of saturated 
vapour (H = 1). 

i 

Ratio of actual to 
theoretical vapour 
density. 

220-0P 

53 -5 

1*786 

230*0 

54-3 ! 

1*815 

240*0 1 

I 55-3 1 

1-847 

250*0 j 

i 56*5 

1*889 

260*0 

58*3 

1*947 

270*0 

1 60*3 

2*016 

280*0 

l 63*1 

2*108 

290*0 

67*1 

2*241 

300-0 

73*3 

2*450 

310-0 

83*5 

2*791 

320*0 

112*4 

3*754 

321*65° 

137*7 

5*792 


In a paper shortly to be read before the Physical Society, I have shown 
that at the critical point the ratio of the actual to the theoretical 
vapour density is for a considerable number of substances about 4*4. 
The very high ratio for acetic acid seems to show that at the critical 
point complex molecules are still present in considerable numbers. 
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That not only the saturated vapour of acetic acid, bat also the 
liquid, is in a highly condensed state, probably owing also to the 
presence of complex molecules, seems to be indicated by the follow¬ 
ing considerations:— 

If the generalisations of Tan der TVaals regarding corresponding 
temperatures, pressures, and volumes were strictly true, it would 
follow that the ratios of the molecular volumes, both of liquid 
nud saturated vapour, of any two substances at corresponding 
pressures should be directly proportional to their absolute critical 
temperatures, and inversely to their critical pressures, or— 

r T _ T .J 
v - V “ T.p ’ 


three values 


do not exceed 1 5 per cent, in the 


where v and r' are the molecular volumes of saturated vapour and 
V and Y' the molecular volumes of liquid at corresponding pres¬ 
sures. Xow, although this relation is by no means strictly true, 
yet if we take the mean ratios of the molecular volumes at a 
number of corresponding pressures, the differences between the 

L and 
V' T'.7 

majority of cases examined, but when acetic acid is compared with 
fluorobenzene (which has nsnally been taken as the standard sub¬ 
stance) the difference is no less than 40 per cent., the actual values for 

acetic acid ^ =0 593; -J, = 0-634; = 0 830. 

fluorobenzene 6 v V' T’ .p 

The actual ratios for a number of corresponding pressures are given 
in the table below. 


Pressure-.- 

i 

r 

i r 

V 

V'" 

Pressures. 

r 

Y 

V'* 


C\H 4 0> 

C*H S F. 

OjHjOj. 

20 

25-6 

_ 

0*6324 

8000 

10238 

0-588 

0-6349 




0*6324 

10000 

12798 

0-596 

0*6348 

100 

128*0 


0*6327 

12000 

15357 

0*599 

0*6350 

auo 

256-0 

- i 

0*6336 

15000 

19197 

0-607 

0-6335 


5X1-9 

1 

0*6345 

20000 

25596 

0*622 

0*6331 

760 

972-6 

— 

0*6358 

25000 

31995 

0*623 

0-6319 


1280*0 

1 0*545 

0*6362 

28000 

35834 

0-622 

0*6342 


1920*0 

1 0*552 1 

0*6366 

30000 

3S394 

0*630 

0*6321 


2560*0 

0*557 

0-6364 

32000 

40953 

0*625 

0*6311 


3839*0 

1 0*565 | 

0-6363 

33912 

43400 

, 0-631 

0*6310 

4000 

5119-0 

1 0*571 

0-6357 





sooo 

6399*0 

0-577 

0*6359 



| 


«ooo 

7679*0 

0*582 

0-6354 


3Iean.. 

0-593 

0*6342 

7U00 

8959*0 

0*584 

0*6353 



1 
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The molecular volumes of acetic acid both in the liquid state and 
as saturated vapour appear to be abormally low, and with the satu¬ 
rated vapour this is especially the case at low temperatures and 
pressures, for the ratio vjv' increases from 0*545 at a pressure (for 
fiuorbenzene) of 1 metre to 0*631 at the critical point, whereas the 
ratio V/V 7 varies only between 0*6366 and 0*6309 within considerably 
wider limits of pressure. 


LXXXI.— On the Vapour Pressures and Molecular Volumes of Carbon 
Tetrachlo) ide and Stannic Chloride . 

By Sydney Young, D.Sc., Professor of Chemistry, University 
College, Bristol. 

Two years ago I read before the Chemical Society an account of 
experiments on the vapour pressures and molecular volumes in the 
liquid state of benzene and its four monohalogen derivatives (Trans., 
1889,55,486) and last year I described the results of determinations 
of the molecular volumes of the saturated vapours of these substances 
(this vol, p. 125). These experiments w ere undertaken “ in order to 
find whether the ratios of the boiling points (in absolute tempera¬ 
tures) of similar compounds of elements which belong to the same 
group in the periodic table are constant at all equal pressures, and 
whether any such simple relation holds good for the molecular 
volumes.” 

This was found to be the case for the four halogen derivatives of 
benzene, and it was further discovered that the critical pressures of 
these substances are equal or very nearly so. It follows from this 
that Van der Waals’ generalisations regarding “corresponding” 
temperatures, pressures, and volumes are very nearly true for these 
bodies, but in this case “corresponding” pressures become equal 
pressures. 

Since the publication of the first of these papers, I have been en¬ 
gaged in a study of the vapour pressures and molecular volumes of 
the chlorides of the elements of the carbon and silicon group, but 
since carbon tetrachloride acts on mercury at high temperatures, 
whilst stannic chloride causes it to adhere to glass even at the ordi¬ 
nary temperature, it was necessary to introduce several modifications 
into the methods of observation. This has caused considerable 
delay in the work, and I propose now to describe the results obtained 
with carbon tetrachloride and stannic chloride, reserving a discussion 
of the data until the completion of the investigation. 

VOL. LU. 3 R 
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The chlorides were procured from Kahlb&uxu; the carbon, tetra¬ 
chloride was fractionated until a product of perfectly constant boil¬ 
ing point was obtained; the stannic chloride was extremely pure, 
but the first portions of the distillate contained a little hydrate, after 
the removal of which the liquid boiled quite constantly. 

The following determinations of boiling point were made at various 
times. 


Carbon tetrachloride. 

Stannic chloride. 

Pressure. 

Boiling 

point. 

Corrected to 
760 mm. 

Pressure. 

Boiling 

point. 

Corrected to 
760 mm. 

750-1 

76-3 

76-7 

756-7 

113*9 

114*05 

756*0 

76-55 

76*7 

764-4 

114*3 

114*1 

748-0 

76-25 

76-75 

759-1 

114*1 

114-15 

768-25 

77*2 

76-85 

755-0 

113*9 

114*15 

768*25 

77*05 

76-7 

741*2 

113*15 

114*0 

771-4 

77-3 

76-8 

748*9 

113 *6 

114*1 

766-4 

77-0 

, 76-75 

756*8 

113*9 

114*05 

762-8 

76-75 

1 76-65 

759*4 

, 114*1 

114*15 

760-3 

76-76 

i 76-75 


1 

J 






Mean.... 

114*1 


YfiftiL ... 

76-75 


i ; 

i i 

t 


Determinations of Boiling Point by other Observers. 

Carbon Tetrachloride . 

Pierre, Compt. rend 27, 213, 78*1° at 748*3 mm. = 78*6° at 760 mm. 

Begnanlt, Mem. de VAcad ., 26, 658 .. 76*5 ,, 

Haagen, Pogg . Ann., 131,117, 75*5° at 739*4 mm. = 76*4 „ 

Thorpe, Traits. Chem . Soc. : 1880, 37, 59 . 76*74 „ 

Perkin, „ „ 1884,45,532 . 76*9 

PawlewsM, Per., 16, 2633 ... 75*4 „ 

Schiff, Annalen, 223, 72, 75*2° at 751*4 mm.= 75*55 

Stannic Chloride . 

Haagen, Pogg. Ann., 131, 117, 112*0° at 754*9 

mm.. J ......= 112*25 at 760 mm. 

Andrews, Chem. Xews, 25, 61, 112*5° at 752 

mm. ...= 112*9 „ 

Thorpe, Trans. Chem. 8oc. f 1880, 37, 331 . 113*9 „ 

Pierre, Ann. Chim. Phys. [3], 20, 58, 115*4° at 
753*1 mm .= 115*4 „ 

It will be seen that in both cases my results agree very closely in¬ 
deed with Thorpe’s. 
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Specific Gravity . 

The specific gravity of carbon tetrachloride was determined in a 
Sprengel tnbe of the form recommended by Perkin; the weighings 
were reduced to a vaenum, The method is not applicable to stannic 
chloride on acconnt of its extremely hygroscopic nature, and the 
specific gravity observed by Thorpe (Trans., 1880, 37, 89), 2*27875 
at 0 °, was adopted in the calculations. 

Carbon Tetrachloride. 

Specific gravity at 0 °...... . 1*63255 

» 15°. 1*6036 (from curve) 

„ 17*69°. 1*59852 

99 25°. 1*5841 (from curve) 

Determinations of Specific Gravity by other Observers. 

Thorpe. 1*63195 at 0° 

Pierre . 1*62983 „ 

Haagen. 1*5947 at 20° = 1*6338 „ 

Schiff.. 1*6084 at 9*5° = 1*6270 „ 

Perkin . 1*60362 at 15° = 1*6330 „ 

„ . 1*58415 at 25° = 1*6330 „ 

My results at 15° and 25° are identical with Perkin’s, and at 0 3 the 
agreement with Thorpe’s determination is very satisfactory. 

Vapour Pressures at Low Temperatures. 

For carbon tetrachloride the method described by Ramsay and 
myself (Trans., 1885, 47,42) was available without modification, but 
the ordinary arrangement for delivering the liquid on to the cotton¬ 
wool could not be adopted in the case of stannic chloride on account 
of its extremely hygroscopic nature. 

The method employed is shown in the diagram, Fig. 1 (next page). 

At first a stopcock was fused to the glass at a, and was lubricated 
with partially deliquesced phosphorus pentoxide, but it was found 
that the oxide became very hard, owing apparently to removal of 
water by the stannic chloride, so that after a time the stopcock could 
not be turned. The indiambber tube and screw clip shown in the 
diagram were t^ refore employed in place of the stopcock. The 
bottle d contains the stannic chloride, and the U -tubes b and c 
phosphorus pentoxide and calcium chloride. It was also found in 
the first two series of determinations that a small quantity of vapour 
of stannic chloride reached the mercury in the gauge and caused it 
to adhere to the glass, so that it became very difficult to obtain 

3 R 2 
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accurate readings; in tlie third series, therefore, tubes containing 
dry potash, moist potash, calci um chloride, and phosphorus pentoxide 


Fig. 1. 



were interposed between the still and the gauge. The vapour of 
stannic chloride passed freely over the dry potash, but was completely 
absorbed by the moistened alkali; the calcium chloride and phos¬ 
phorus pentoxide prevented the passage of moisture to the gauge. 


Carbon Tetrachloride. 


Series I. 


Temp. 

FrebS. 

Temp. 

Press. 

Temp. 

Press. 

Temp. 

Press. 


mm. 

o 

mm. 


mm. 


■mm 

-18-1 

11*25 

-9*3 

19*4 

+ 0*05 


18*2 

65*35 

-15-6 

13*3 

-7*0 

22*45 

2*9 

88*85 

16*95 

77*7 

-14*56 

14-05 

-4*5 

25*7 

5*35 

44*0 



-11 -95 

16*7 

-2*05 

29*2 

8*9 

52*45 


i 


Series U. 


7*6 

49*35 

29*6 

187*15 

49*6 

302*7 

69*55 

602-2 

11*1 

58*8 

32*4 

154*7 

52*35 


72*85 

661*3 

14*0 

67*6 

85*4 * 

174*1 

54*8 

867*9 

75*2 

719*4 

17*0 

77*96 

38*6 

197-5 

58’3 

414*6 

77*16 

769*5 

20*1 

90*8 

41-5 

221-3 

61-25 

458*0 



23*1 

108-65 

43-85 

243*4 

64-25 

503*4 



26*7 

120-25 

46*6 

271-2 

67*25 

557*0 
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Stannic Chloride . 






Temp. 

Press. 

Temp. 

Press. 


nvm. 


mm. 


mm. 


•mm. 

-9*55 

2-5 

-2 9 

4 4 

7°*1 

8*8 

18‘75 

17-05 

-7-9 

3-1 

-0*1 

5 3 



22-1 

20-95 

—7*1 

, 3-15 

+0-8 

5*85 

13-15 

12-25 



-5*0 

3-65 

4 05 

1 73 

17-0 

i 

15-35 

1 




Senes IL 


-3*7 

4-1 

15-0 

13 *9 

34*15 

38*8 

52*8 

90-85 

+ 1-0 

5-6 

18-0 

16*65 

36 -7 

44*15 

56*8 

103*85 

4-05 

7-1 

21*5 

20*1 

39 -0 

49*45 

59*85 

118-3 

6-75 

8-65 

24*95 

24*2 

43-15 

59-75 

63-4 

134-45 

10-0 

10-7 

28*75 

29*25 

46*85 

70-7 

66*0 

150-4 

12-75 | 

| 12-1 

31-25 

33*85 

49*9 

80-7 

69-75 

172*95 


Series HI, 


-5-85 1 

3-75 

6-45 

8*5 

j 

30*55 

31-95 

59-45 

117-45 

-4 55 1 

4*05 

10*7 , 

11*0 

35-7 

41-5 

65*25 

148-1 

-3*45 

4*3 

15 0 1 

14-15 

41-65 

55-1 

70*1 

178-65 

+0*05 

5-35 

20-7 1 

19*3 

47-7 , 

71*65 



2*45 

1 

6*6 

25*4 1 

24*75 

53-5 

91-9 




The boiling points at higher pressures were determined in the 
ordinary manner, a thermometer being suspended in the vapour from 
the boiling liquid. 


Temp. 

Press. 

Temp. 

Press. 

Temp. 

Press. 

Temp. 

Press. 


mm. 


mm. 


mm. 


mm. 

71°-7 

193-95 

79-55 

257-75 

92-35 

395 *9 

105 85 

596-8 

73-8 

209-3 

82-7 

287-1 

* 96*15 

445*7 

108*6 

648-9 

75-5 

222-1 

85-6 

317-3 

99-7 

496-0 

111-5 

705-3 

76-6 

231-95 

88-65 

1 

352-4 

102*65 

544*5 

114*1 

760 2 


The logarithms of the pressures were mapped against temperature 
and the values corresponding to even temperatures read from the 
curves. The pressures corresponding to the smoothed logarithms 
are given in the final tables. 
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Vapour Pressures at Sigh Temperatures . 

A series of determinations "with carbon tetrachloride 'was made in 
the ordinary manner in the modified Andrews’ apparatus, but it was 
found that even at 150° a small quantity of black substance formed 
on the sides of the tube and was carried down by the mercury when 
the volume was increased. This took place even when the tube was 
shielded from the light. 

At higher temperatures the decomposition took place to a greater 
extent, and after heating to the critical point the carbon tetrachloride 
had become slightly brown, and on cooling deposited a considerable 
quantity of long, needle-shaped crystals. There was also a small 
bubble of gas which could be dissolved only under high pressure. 

After heating the chloride to 230°, determinations were repeated at 
110° and 120° in order to find whether the vapour pressure had been 
influenced by the decomposition. It will be seen from the table of 
results that no alteration had taken place, so that the pressures up to 
230° may be taken as correct. A similar repetition, however, after the 
determination of the critical point, gave distinctly lower pressures, 
notwithstanding the presence of a small quantity of gas. Above 
230°, therefore, the data must be considered doubtful, and at the 
critical point there is certainly a considerable error. 


Vapour Pressure of Carbon Tetrachloride in contact with Mercury . 


Temp. 

Pressure. 

Mean. 

Temp. J 

Pressure. 

Mean. 

90" 

HOST 
1113 
1112 
1113 J 


1112 

130= 

Hi 

» 3009 

100° 

1459" 

1456 

1457 
1456., 

► 1467 

140° 

37281 

3725 

3722 

3727. 

► 3725 

110 J 

18821 

1879 

1880 
1881, 

► 1880 

160' 

1 

45521 

4552 

4550. 

4551 

120* 

23941 
23901 
23901 
2392 J 

. 

2391 

160° 

45641 
4560 y 
4557 J 

4560 

180° 

29981 
29951 
29951 
2994 J 

► 

2995 

16CP ( 

5544] 

5539 

5533j 

■ 

5539 
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Vapour Pressure of Oarbon Tetrachloride in contact with Mercury, 


Temp. 

j Pressure. Mean. 

Temp. 

Pre&sure. 

Mean. 

170“ 

6643' 

6634 

L 6641 


Doubtful. 



6644. 


240° 

195931 


180° 

7908' 

7896 

i- 7899 


19599 y 
19594 J 

19595 


7897. 


250° 

224301 


190° 

K8 

> 9306 


22405 1 
22423 J 

22420 




260° 

255131 


200 s 

10938] 

10941 

► 10939 


25487 y 
25479 J 

25493 


10937 J 


270° 

289671 


210° 

12776] 

12731 

► 12759 


28931 V 
28909 J 

28936 

220° 

12751 J 
14799] 


279-7 

324841 
32500J 

32492 

i 

14802 

14797. 

14799 

1 

284-4° ^ 
1 

“ 1 

34358 

230° 

17057] 

1 

284-6° 

- i 

34412 




(apparent 1 


! 

I 

17050. 


critical 



1 

110° 

18791 


•s? 

18761 



1879 

1879 


1879 y 

1876 

1 

1879 J 



1872 J 


120° 1 

23921 

1 

120° 

23731 


i 

i 


L 2391 


2370 V 

2372 

i 

i 

i 

2390 J 

1 


2373 J 

: 


Lgl order to obtain accurate results at the highest temperatures, it 
is evidently necessary that the mercury, if present, should not be 
heated. The difficulty was overcome by enlarging the vapour pres¬ 
sure tube at its lower open end, as shown in Fig . 2 (p. 918), and 
increasing the quantity of carbon tetrachloride, so that the mercury 
should always be in the cold part of the apparatus. 

The enlargement at E serves to keep the tube firmly fixed in the 
pressure apparatus. 

The whole tube, including the cylindrical bulb DC, was graduated 
in millimetres, and calibrated by weighing with mercury. In the 
case of a tube of narrow bore throughout, the fact that the meniscus 
of the mercury during calibration is in the reverse position from that 
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during the actual experiments is of little importance; for the volume 
may be corrected vrith very slight error on the assumption that the 
surface of the mercury forms a hemisphere. With a tube of the 
form described, however, such a simple correction could not be made, 


Pig. 2. 



and the end D was therefore temporarily closed, and A opened. 
After the calibration, the end A was sealed again and D opened, and 
a little mercury was then admitted into the narrow part of the tube, 
the reading taken, and the mercnry removed and weighed. The 
correction for the reversal of the meniscus was then made in the 
Ordinary way, and the true volume at this division of the tube was 
thnS' ascertained. The volumes corresponding to the previous 
readings were then easily calculated. The tube was filled in the 
nsnal manner, but a larger quantity of liquid was admitted, the 
amount being so regulated that in the determinations of vapour 
pressure the surface of the mercury was always below the conical 
part 0 of the wider tube. The position of the vapour pressure tube 
and the air gauges in the pressure apparatus is shown diagrammaii- 
eally in Fig. 3, wiueh represents a vertical cross section. 

f ^ pressure in the air manometer P on the surface of mercury 
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a is calculated in the usual m anne r from the volume and tempera¬ 
ture of the air, and it must be corrected for the deviation of air from 
Boyle’s law. 

Fie. 3. 



The vapour pressure of the substance, that is, the pressure on the 
surface of the liquid 6, however, is different. To the pressure, 
as measured by the air gauge, must be added that of the column of 
mercury between the levels a and A, while the pressure of the column 
of liquid bh must be subtracted from it. There is also a small cor¬ 
rection for capillarity, amounting in this case to 3 mm. 

1. Calculation of level of mercury A. 

During any experiment, the portion of the tube from A to F 
(Figs. 2 and 3) is heated to T°, the remainder of the tube being at 
the ordinary temperature f, which may with sufficient accuracy be 
taken always as 20°. 

When AF is at 0°, and the lower part of the tube at 20°, let the 
junction of mercnry and liquid be at G (Fig. 2). Let v be the 
volume from A to F, and u the volume from F to G. 

Taking the specific volume of the liquid at 0° as unity, let that at 
T° = 1 -f se, and at 20° = 1 +y. 

When the tube from A to F is heated to T°, and the vapour is just 



920 YOUNG: VAPOUR PRESSURES AND MOLECULAR VOLUMES 


condensed, the liquid which occupied the volume v at 0° will have 

expanded and will now become v + Q. and the total volume 

r 1 + x 


of liquid will be 


v + u + 


vx(l + y) 
1 + * * 


"When the liquid is drawn down so that n divisions of the tube are 
occupied by saturated vapour, the total volume of liquid and vapour 
will be 

• + « + ■(** + ”*)(!+JL), 

1 + 8 

where x is the volume corresponding to one scale division. 

This calculation neglects the loss of liquid by conversion into 
saturated vapour, but the error would in no case be large. 

It would be greatest close to the critical point (at which the 
specific volumes of vapour and liquid are equal), and when 
the upper surface of the liquid is at its lowest point I*. It is 
assumed in the calculation that when the volume is increased so as 
to bring down the upper surface of the liquid to, say, the position F, 
the whole of the liquid is drawn down into the lowest part of the 
tube, whereas in this case there is really a very minute increase of 
volume, the liquid being for the most part converted into vapour. 

The maximum error in volume, therefore, will be or, 

roughly, 0*4t\ Calculated as length, the error will he very small, 
since the movement of the mercury is in the wide cylindrical tube 
and not in the narrow barometer tube. In the longer of the two 
tubes employed, the length AF, corresponding to the volume v, was 
335 mm., and the ratio of the area of the cross section of the 
barometer tube to that of the cylinder was about so that the 

approximate maximum error would be ^ = 22 mm., and 

this would be still further diminished by the compensating error in 
the calculation of the pressure of the column of liquid. 

With a critical pressure of 22,000 mm., lower than any yet ob¬ 
served, the ma ximum error could not therefore amount to so much 
as 0-1 per cent., and as the liquid was never drawn down so low as 
F, the actual error in the worst case must have been still smaller, 
said at temperatures not very near to the critical point was quite 
negligible. 

The error due to the expansion of the glass is too small to be taken 
into consideration. 

Ab readings were taken with the upper surface of the liquid at the 
same scale divisions at each temperature, it was possible to construct 
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curves for definite values of n and varying values of x by means of 
which the labour of correction was greatly reduced. 

Having found the total volume of liquid and vapour at each 
reading of pressure, it was easy to determine the level % of the 
mercury in the tube by means of a diagram showing the volumes 
corresponding to each scale division, and the correction due to the 
difference of level of the mercury in the air manometer and vapour 
pressure tube was thus ascertained. 

The next point is the determination of the pressure of the column 
of liquid above the mercury. 

Let S T be the specific gravity of the liquid at T°, and Sao at 20°, 
and let the level of the mercuiy % (already calculated) be m mm. 
below F at any reading; also let l be the length AF of the heated 
portion of the tube. When the vapour is completely condensed, the 
pressure in millimetres of mercury due to the column of liquid will be 

Z. S T + m. £>30 

and when the upper surface of the liquid is n divisions below the top 
of the tube, the pressure will be 

_ (Z — n) S T + fli'Sw 

P - 13*6 

Here, again, by suitable construction of curves, or rather straight 
lines, the labour of correction is greatly lightened. Those constructed 
were:— 

(1.) For the factor — TV*!?— for definite values of n and varying 
13*0 

values of S T . 

(2.) For the factor for varying values of m. 
lo*o 

The correction for capillarity was, as already stated, 3 mm. 

In order to test the accuracy of the method, determinations of 
vapour pressure of carbon tetrachloride were made at several tem¬ 
peratures both by this and by the ordinary method. The comparison 
is given in the following table:— 


Mean vapour pressures. 


Temperature. 

New method. 

Old method. 

190° .... 

9316 

9306 

200 

10933 

10939 

210 

12759 

12759 

220 

14792 

14799 

230 

17060 

17052 


The agreement, it will be seen, is remarkably close. 
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D^tenninaiions of Yajpour Pressure by New Method. 
Carbon Tetrachloride. 


Temp. 


Pressure. i Mean. 


190° 


200 ° 


210 ° 


220 ° 


230P 


240° 



Temp. 


19633 

19639 

19626 

19633 


250° 


260° 


270° 


280° 


283*05° 


283-15° 

(critical 

point) 


Pressure. 


22 £30' 
22404 
, 22394 

* 22427 

t 

25531 
| 25526 

25538 
25521 


i 

i 


290031 
28993 I 
28990 f 
28978J 

328541 
32825 I 
32808 f 

2J 


341481 

34149 

34127 

34109^ 

34181 


Mean. 


22414 


25528 


32825 


34133 


After being beated to the critical point, tbe liquid remained perfectly 
clear and colourless, so that no decomposition had taken place. It 
has been pointed out that the pressures by the two methods agree 
perfectly well np to 230°; at 240°, there is a difference of 38 mm.; 
bnt at 250°, the agreement is again perfect. Above this temperature 
there is a continually increasing difference, amounting at 280° to over 
200 mm. (allowing for the slight difference of temperature). More¬ 
over, the critical point now observed is 283 15° instead of 284*6° by 
the old method. There can be no doubt that tbe new results are 
more trustworthy, and there does not appear to be any source of 
error affecting them. 
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Stannic Chloride . 

It has been, already stated that stannic chloride attacks mercury at 
low temperatures, spoiling its surface, and cansing it to adhere to 
glass. If, however, some stannic chloride is admitted carefully into 
a vessel containing mercnry, there is no apparent effect so long as 
the metal remains perfectly still, bnt on tilting the vessel, it is found 
that a thin film has been formed on the surface of the mercnry, and 
if the two liquids are shaken vigorously together, the mercury breaks 
up into innumerable globules, some of them so fine that they remain 
suspended in the stannic chloride for a considerable time. It does 
not appear, however, that there is any appreciable chemical action 
between the two substances even at 114°, for on distilling some 
stannic chloride with a little mercury, the boiling point was quite 
unaffected, and when the finely divided grey powder remaining in 
the distillation bulb was boiled with hydrochloric acid, the particles 
reunited to form a bright globule of metallic mercury, and none of 
the metal could be detected in the solution in the form of chloride. 

Contact with mercury at low temperatures does not, therefore, 
injure stannic chloride, and the vapour pressures may therefore be 
determined by the new method. 

Special precautions were taken to avoid the presence of moisture in 
the stannic chloride. A current of air, dried over phosphorus pent- 
oxide, was passed through the distillation bulb before the insertion of 
the liquid, and the vessels in which the distillate was collected were 
similarly freed from moisture. The chloride was transferred from 
the bottle containing it into the distillation bulb by means of a 
siphon, the short end of which passed through a doubly perforated 
india-rubber cork fitting the bottle. Through the second hole in the 
cork passed a short glass tube, connected with JJ -tubes containing 
calcium chloride and phosphorus pentoxide, so that only dry air 
entered the bottle. As in the case of acetic acid, the distillate was 
collected directly in the little glass vessel from which the vapour- 
pressure tube was filled, and the glass vessel was placed in a drying 
chamber containing dishes of sulphuric acid and of phosphorus pent- 
oxide. A hole about an inch wide was made in the side of the 
drying chamber, and was closed by a piece of sheet india-rubber 
fastened to the side of the chamber by means of india-rubber solution. 
The delivery tube from the distillation bulb passed through a perfo¬ 
ration in the sheet india-rubber into the drying chamber, which was 
provided with a well-fitting glass door for the insertion or removal of 
the vessels in which the distillate was collected. 

Similar precautions were taken in filling the tubes employed fcr 
the determination of the specific volumes of stannic chloride. 
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Series I. 



Pressure. Mean. 


726T1 
7254 I 
7254 f 
7247J 

8477"| 
8474 1 
8469 f 
8465J 

3556*1 
3554 1 
3551 f 
3554J 

9922T 
9911 I 
9906 f 
9922J 

115281 
11529 [ 
11522 f 
11519J 

133161 
13306 I 
13304 f 
13304J 


7255 


8471 


3554 


9915 


11524 


13307 


153001 
15291 I 
15288 f 
15283J 


15290 


173721 
17361 I 
17359 f 
17359J 


17363 


35581 
3559 I 
3557 f 
3555J 


3557 


There was a slight white deposit on the sides of the tube$ it was 
noticed first at 200% and increased slightly at higher temperatures. 
The redeterminaiaons at 180% after heating to 230° and 279*5% were 
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made in order to find whether the vapour pressure had been affected 
by the formation of the deposit. 

The concordance is so close that it may be concluded that the 
slight decomposition was without influence. 

With short Vapour Pressure Tube . 


Temp. Pressure. I Mean. I Temp. Pressure. Mean. 



The repetition at 180° shows that no appreciable amount of decom¬ 
position had taken place. 
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This work was carried out before the addition of dibenzyl ketone to 
the list of heating agents, and mercury vapour was therefore em¬ 
ployed as a jacket for the two highest temperatures. 

The data are corrected in accordance with the recalculated vapour 
pressures of mercury (this vol., p. 629). 

Constants for Biot’s formula, logp = a -f ba f -f cp*, were calcu¬ 
lated for the two substances; they are: 

Carbon Tetrachloride, 
a = -1*50723; 

log b = 0-7162086; log e = 0*3375918; 

log a = 0*00026855; log/3 = 1*99597566; 

c is negative; t = f C. 


Vapour Pressures of Carbon Tetrachloride . 


Tern- 1 

peiature. 

Observed 1 
pressure. 

L . 1 

Calculated. 

A. 

Regnault. 

-20 

Mean. 

9*92 , 

10-29 1 

+ 0*36 

9*80 

-10 

18*81 

18*89 

t 0*08 

18*47 

0 

33*08 ' 

33*08 

0 

32*95 

10 

55*65 | 

55*51 

- 0*14 

56-97 

20 

89*55 | 

89*61 

+ 0-06 ' 

90*99 

30 

139*6 

189-64 | 

+ 0*04 

142*27 

40 

210*9 

210-71 

- 0-19 1 

1 214-81 

§0 

309*0 

308*09 1 

- 0 *91 

314*38 

60 

439*0 

440-67 

+ 1*67 ! 

1 447-48 

70 

61 3*8 

613 *8 

o 1 

! 621*15 

SO 

— 

836 ‘35 

— 

843*29 

90 

1112*0 

1117*0 

! + 5-0 1 

1 1122-26 

100 

1457-0 

1464 *8 

+ 7-8 

1467*1 

110 1 

18S0 *0 

1889*4 

+ 9*4 

1887-4 

120 

2391*0 

2400*8 

+ 9*8 

, 2398-7 

130 1 

3002*0 

3009*1 

+ 7*1 1 

1 2996-9 

140 1 

3725*0 

3725-1 ] 

T 0*1 

8709-0 

150 1 

4555*0 

4559 *6 

+ 4*6 

4543-1 

160 

5539*0 

5524*6 1 

-14*4 

5513-1 

170 

6641*0 

6631*9 

- 9*1 | 

1 6684*4 

180 

7899*0 

7894*8 

- 4*2 

7923-6 

190 

i 9311*0 

9326*7 

+ 15*7 1 

1 9399-0 

200 

10936*0 

10943 *0 i 

+ 7 

- 

210 

12759*0 

12759*0 

0 

__ 

220 

14795*0 

14793*0 

- 2 


230 

17056*0 

17066 *0 

+ 10 

l ~ 

240 

19633*0 

19596*0 

-37 


250 

22414*0 

22409*0 

- 5 

_ 

260 

25528*0 

25532*0 

+ 4 

_ 

270 

28991*0 

28992*0 

+ 1 


280 

32825*0 

32825*0 

0 

— 
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Stannic Chloride . 
a = 1*19484; 

log l = 0*6824293; logo = 0*4546821; 

log a = 0*00026212; log p = 1*99631718; 

c is negative; t = £° C. 

In the tables on pp. 926 and 927 the vapour pressures calculated 
from these constants are given, together with the mean observed 
pressures, and in the case of carbon tetrachloride the pressures 
observed by Regnault. 


Vapour Pressures of Stannic Chloride . 


1 

Temper¬ 

ature. 

Observed 
pres&ure. | 

Calcu- | 
lated. 

_ I 

A. 

Temper¬ 

ature. 

Observed 

pressure. 

Calcu¬ 

lated. 

A. 

-10 

Mean. 

2*78 

i 

3*08 


ico-0 

Mean. 

2368 

2359 

-9 

0 

5*53 

5-88 

-0*35 

170 0 

2920 

2914 

-6 

10 

10*33 

10*72 

-r0*39 

180 0 

3555 

3561 

+ 6 

20 

18*58 

18 *72 

+ 0-14 

190*0 

4284 

4309 

+ 25 

30 

31-30 

31-42 

+ 0*12 

200*0 

5145 

5168 

+ 23 

40 

50*82 

50 *88 

+ 0*06 

210*0 

6116 

6147 

+ 31 

50 


79*68 

-0*12 

220-0 

7238 

7257 

+ 19 

60 

122*2 

, 131*1 

-1*1 

230 0 

8475 

8509 

+ 34 

70 

178-9 

178*8 , 

-0*1 

240-0 

9915 

9915 

0 

80 

256-7 

257*5 

+ 0 8 

250*0 

11514 

11488 

-26 

90 

360-6 

362*2 

+ 1-6 

260*0 

13290 

13242 

-48 

100 


498 *5 

+ 2*5 

270*0 

15280 

15190 

-90 

no 

675-3 

672*7 

-2*6 

280*0 

17454 

17351 

-103 

120 

895-4 

891 *4 

-4*0 

290 0 

— 

19742 

— 

130 

1171-0 

1162*0 

-9*0 

300 0 

— 

22382 

— 

140 

1497-0 



310-0 

25079* 

25294 

+215 

150 

1895-0 

1888*0 

-7 0 

319*35 

28079 

28283 

+ 204 


Critical Tempt ratures and Pressures . 

Carbon Tetrachloride. 

At 283*8° there was no meniscus; striae were seen on increasing 
the volume, followed by a mist in the tube. 

At 283*55° no meniscus was visible; on increasing the volume, a 
dense mist was formed, and remained for some time. 

At 283*3° there was still no meniscus, but the mist was denser. 

At 283-05° a meniscus was visible; on diminishing the volume, the 
tube became clear at first, but very soon a dense mist and 

* Calculated from observation at 309*5°. 

VOL. LIX. 3 b 
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stri a? were formed, after which, the meniscus slowly reap¬ 
peared. 

At 2S3'15° the meniscus appeared after increasing the volume, but 
soon gave place to dense mist. On decreasing the volume, the 
tube cleared, and the mist reappeared only slowly. 

The critical temperature of carbon tetrachloride is therefore 
283" 15°, and the critical pressure 34180 mm. 

Pawlewski (Per., 16, 2683) gives the critical temperature 285*3°, 
while Dewar finds the temperature 282°, and the pressure 57*6 atmos. 

Stannic Chloride, 

Mercury vapour is not well suited for a jacketing substance, for 
the liquid condenses in small globules on the sides of the tube, 
obscuring the view, and also the temperature is nob quite steady, and 
is a little lower at the bottom of the tube than at the top. 

At 319*15° there was a distinct meniscus. 

At 319*3° the meniscus was just permanent. 

At 319*35° the meniscus was only visible at times, hut there was a 
dense mist. 

At 319*5° the meniscus could be obtained for a moment by suddenly 
increasing the volume, but it rapidly disappeared. 

At 319*8° it was impossible to produce even a temporary meniscus. 

The apparent critical temperature is 319*35°, but it will be noticed 
in the table of vapour pressures that the calculated vapour pressure 
for 319*35° is 204 mm. higher than the observed critical pressure. 
As there is no reason to suspect any error in the determination of the 
critical pressure, while the temperature is a little uncertain owing to 
the employment of mercury vapour as a jacket, it seems best to take 
the pressure as correct, and to calculate the temperature corre¬ 
sponding to this pressure by means of Biot’s formula. This would 


make the critical constants 

Temperature ........ 318*7 

Pressure. 28080 


Volumes of a Gram and Molecular Volumes of Liqmds, 

Carbon Tetrachloride . 

It has been already mentioned that carbon tetrachloride undergoes 
some decomposition when heated with mercury, but it was found 
that so long as the two liquids were only in contact at the curved 
surface of the meniscus the action was very slight; it was far greater 
whore there was a film of the tetrachloride between the mercury and 
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the glass. By keeping the liquid always condensed in the modified 
Andrews’ apparatus, and taking readings always at increasing tempe¬ 
ratures, the formation of this film could be almost entirely prevented, 
and it was thus possible to obtain trustworthy readings up to within 
a moderate distance of the critical point. 

The results are given in the table under the heading “ old method.” 

In the first series, the readings are only given up to 130°, for above 
that temperature the mercury was repeatedly drawn down the tube 
for the determinations of vapour pressure. In the second series, the 
volumes of a gram only were determined. 

Weights of Substance. 

I. The observed volumes were mapped, and the volumes corre¬ 

sponding to 0° and 17*7° read from the curves. The weight 
was calculated from these volumes and the known specific 
gravities, and was found to be (1) 0*7258, (2) 0*7257; mean, 
0*72575. 

II. The volumes at 90°, 100°, 110°, 120°, and 130° were compared 
with those of the first series. The ratios of the old to the new 
volumes were: 1*673,1*674,1*673, 1*673,1*676; mean, 1*674. 
The weight was therefore 0*4336. 

Note on Series II .—On raising the temperature above 280°, the 
carbon tetrachloride was so much acted on that the results could not 
be relied upon; the temperature was, however, raised to the critical 
point. The volumes at 100° and 110° were redetermined after the 
liquid had been heated to 230% and again after the critical point had 
been reached. In the first case there was no change of volume, but 
in the second there was a contraction of about 1*5 per cent. The 
results are therefore certainly trustworthy up to 230°, and the error 
at 280° is probably not large, for the decomposition was greatest 
between this temperature and the critical point. 

In the early part of this volume of the Transactions, p. 37, I de¬ 
scribed a new method of determining the specific volumes of liquids 
and saturated vapours suitable for substances that attack mercury. 
The results obtained by this method are given under the heading 
“ new method,” I. 

The chief objection to the new method is the expenditure of time 
involved in pushing up the volume tube into the hot vapour at 
each temperature. The necessity for doing this may, however, be 
avoided by making two sets of determinations of apparent volumes of 
liquid and saturated vapour with the whole tube heated , varying the 
relative volumes of liquid and vapour in the two series as much as 
possible. 

3 s 2 
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Having determined the actual weights of substance present, the 
read volumes of liquid and vapour are reduced to what they would 
be if 1 gram of substance were employed in each series, the tubes 
being assumed to be altered in size so that the relative volumes of 
liquid and vapour remain unaltered. Let the reduced volumes of 
liquid be Ya and Y'a, and of vapour Yb and Y'b. 

Then while R, the ratio of the specific volume of saturated vapour 
to that of liquid, and V, the true volume of a gram of liquid, will of 
course be the same in both series, Ya and Yb will differ from Y'a 
and Y'b. 


We shall then have R = 

Y —Ya V—Ya 


from which 


v _ VaY'b-Y’aYb 
v - Y'6-YZ> 


Lastly, the volume of a gram of saturated vapour = RY. In 
some respects this method is preferable to the other, for, though it 
involves two separate series of determinations, the readings can be 
taken very much more rapidly, the position of the volume tube 
remaining unaltered during the experiments with each jacketing 
substance. 

Two series of observations were made with carbon tetrachloride 
with different tubes, and the volumes of a gram of liquid were calcu¬ 
lated from these results, together with those of the first series, taking 
only the readings when the whole tube was heated. 

The data are given in the table under tbe headings <e New method,** 

II and I, and in and I (p. 932). 

In the case of stannic chloride, two series of determinations, I and 
II, were made by the new method in its original form, and two more, 

III and IY, with the whole tube always heated. 

In calculating the molecular volumes, the molecular weights were 
taken to be— 

CCb = 153-45, SnCh = 259*3. 

The weights of substance were determined by observing the volume 
at 0°, and at one or two other temperatures, correcting them when 
necessary for the amount of substance present as saturated vapour, 
and multiplying the corrected volnmes by the specific gravities at the 
same temperatures. Ror stannic chloride, Thorpe’s data were em¬ 
ployed. 
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Weight* of Substance . 


Carbon Tetrachloride . 


Temperature. 

Yolume. 

Corrected. 

TV eight. 

I .... 16-25° 

0-4568 

0-4572 

0-7317 

II.... 0 

0-1505 

0-1509 

0-2464 

17-30 

0-1533 

0-1543 

0-2468 



Mean 0*2466 

m.... 0 

0-1226 

0-1227 

0-2002 

17-60 

0-1249 

0-1251 

0-2000 



Mean 0*2001 


Stannic Chloride * 


Temperature. 

Yolume. 

Corrected. 

Weight. 

I .... 16-8 J 

0-5391 

05392 

1-2050 

n .... 0 

0-5082 

0-5082 

1-1581 

13 5 

0 5162 

0-5163 

1-1582 



Mean. 1-1581 

m .... o 

0-1677 

0-1678 

0-3824 

174 

0-1714 

0-1716 

0-3832 

19-2 

0-1715 

01718 

0-3828 



Mean 0*3828 

O 

• 

« 

• 

• 

0-1280 

0-1280 

0-2917 

190 

0-1308 

0-1309 

0-2917 


Mean 0*2917 

The determinations of the volumes of a gram and molecular volumes 
are given in the following tables :— 
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Carbon Tetrachloride . 



Volumes of a gram. 

.... .»_ 


Temp. 

New method. 


Molecular 

volumes. 



Ordinary 

method. 

i 

L 

i 

II and X HIand I. 

Mean* 

Prom 

curve. 


0° 

(0-61254) ' 

__ 

_ 

- 

0-6125 

0*6125 

93*99 

10 

— 

— 

— 

— 

— 

0-6199 

95 *12 

20 


— 

— 

— 

— 

0-6274 

96-27 

30 

0-6357 

_ 

— 

— 

EEMi 


97-44 

40 


— 

— 

_ 

0*6430 


98-64 

50 

0-6508 

— 

— 

— 

0*6508 

0-6510 

99*90 

60 

0*6592 

— 

— 

— 

0-6592 

0*6594 

101-19 

70 

0*6682 

— 

— 

_ 

0-6682 

0*6683 

102-55 

80 

0-6773 

— 

— 

_ 

0-6778 

0-6773 

104-09 

90 

0-6869 

— 

— 

_ 

0-6869 

0-6871 

105-44 

100 

0-6973 

0-6961 

0-6972 

_ 

0*6969 

0-6972 

106 99 

110 

0-7075 

— 

0-7082 

_ 

EM£I 

0-7080 

108*64 

120 

0-7190 

— 

0-7195 

_ 

0-7192 

0-7198 

110-38 

130 

0-7320 

— 

0-7312 

_ 

0-7316 

0-7810 

112-17 

140 

— 

— 

— 

_ 

_ 

0-7435 

114-09 

160 

0-7567 

0-7539 

— 

0-7690 

0-7665 

0-7567 

116-12 

160 

0-7701 

0-7676 


0-7723 

0-7700 

0-7703 

118-20 

170 j 

0-7856 

0-7852 

— 

0*7883 

0-7864 

0-7853 

120-51 

180 

0-8024 

0-7997 

— 

0-8045 

0*8022 

0-8019 

123-05 

190 

0*8200 

0*8175 

_ 

0 8222 

0*8199 

0-8202 

125-86 

200 

0-8416 

0-8418 

_ 

0*8417 

0*8417 

0-8412 

129*08 

210 

0 8640 

0-8664 

_ 

0*8661 

0-8655 

Fires1 

132*68 

220 

0*8896 

0*8899 

_ 

0*8926 

0-8907 

0 8907 

136*68 

230 

0 9197 

0*9219 

— 

0*9224 

0 *9213 


141*34 

240 

0-9566 

1 — j 

- 1 

0*9595 ! 

0-9580 

0*9575 

146*93 

250 

0*9980 


— 

1-0055 

1*0021 


153-77 

260 

1*059 

1*0660 

— 

1 0636 

1*0629 

1-0628 

163-09 

270 

1-148 

— 

— 

— 

1*148 

1*154 

177-10 

280 

1-310 

— 

— 

— 

1*310 


200-10 

14*55 

0*6229 

, 

___ 





25*0 

0*6313 

_ 

__ 

— j 

- 

_ 


269*1 

— 

— 

_ 

1*148 

1 — 

_ 

_ 

275*0 

1*211 


- | 



— 

— 
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Stannic Chloride . 


Temp. 

Volumes of a gram. 

MoL 

vols. 

i. 

IL 

j II and 

' in. 

II and 

rv. 

I and 
IV. 

I 

Mean. 

From 

CUTF6. 

o 

0 

_ 

; 




,(0-4388) 

0-4388 

113-79 

10 

_ 


_ 

_ 


— 

0*4440 

115-13 

20 

_ 

_, 

_ 

_ 


— 

0*4492 

116-48 

30 


0-4545 

_ 

— 


0-4545 

0*4545 

117-85 

40 


0-4598 

— 

_ 


0-4598 

0-4598 

119-23 

50 

_ 

0*4654 

_ 

_ 


0-4654 

0-4654 

120-68 

00 

_ 

0-47X2 

_ 

_ 

_ 

i 0-4712 

0-4710 

122*13 

70 

— 

0-4767 

— 

— 

— 

0-4767 

0-4768 

123*63 

80 

_ 


0-4324 

— 

— 

0-4824 

0-4827 

125-16 

90 

_ 


wEm 1 

— 

— 


0*4890 

126-80 

100 

— 

0*4956 

0-4955 

— 

— 

0-4955 

0-4954 

128-46 

110 

— 

— 


— 

— 


0-5021 

130-19 

120 

— 

— 


— 

— 

0-5092 

0-5092 

132-04 

130 

— 


0-5168 

— 

_ 

0-5169 

0-5166 

133 -95 

140 

— 1 

0*5239 

0-5243 

1 0*5248 

— 

0-5243 

0-5243 

135-95 

150 

— 1 

0-5320 

0-5323 

0*5332 

— 

0-5327 

0-5327 

138-13 

160 

— i 

0-5413 

0-5415 

0*5442 

— 

0-5417 

0-5411 

! 140-31 

170 

_ 1 

0*5491 


0-5510 

— 

0-5502 

0-5500 

142-61 

180 

i 

0*5580 



— 

0-5596 

0-5595 

145-08 

190 

0-5678 j 


— 

—. 

1 0-5689 

0*5683 

0-5696 

147-70 

200 

0-58X1 

_ 

— 

— 

0-5802 

WM 2 M 

0-5806 

150-55 

210 

0-59X7 

— 

— 

— 

0-5940 

0-5929 

0-5929 

153-74 

220 


— 

— 

_ 

EEEa 

EE 221 

0-6065 

157*26 

230 

0-6207 

— 

— 

— 

0-6220 

1 0-6213 

0*6215 

161-15 

240 

— 

0-6385 

— 

0*6384 

— 

I 0-6385 

0-6383 

165*51 

250 

— 

EEsxul 


0-6569 

— 

ee^i 

0-6570 

170-36 


— 

0-6780 

— 

0-6783 

— 

0-6781 

0*6781 

175-83 

270 

— 

0-7034 

— 



0-7033 

0-7033 

182-36 

280 

0-7330 

0-7356 

» 

0-7383 

© 

© 

0*7338 

190-27 


For the sake of comparison, it may be well to give the results ob> 
tained by other observers* As the volume at 0° is usually taken as 
unify, I have calculated my results on this basis. 
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Temp. 


Carbon tetrachloride. 


Stannic chloride. 

i 

Thorpe, j 

1 

Pierre. 

j 1 

Hirn. 

Young. 

1 

Thorpe. 

Pierre. 

Young. 

. i 

10 i 

i 

1‘01215 1 



1*0120 

1-01168 

__ 

1-0118 

20 

1-02452 

1-02414 

- — 

1*0243 

1*02353 

1-02308 

1-0237 

30 

1-03718 * 

_ 

1*0349 

1-0867 

1-03551 

— 

1-0358 

40 

1*05022 1 

1-04966 

— 

1-0494 

1-04771 

1-04726 

1-0479 

50 

1*06372 

— 

— 

1*0628 

1-06061 

— 

1-0606 

60 

1-07776 

1-07719 

— 

1*0765 

1-07341 

1*07289 

1-0788 

70 

1-09241 

— 

1*0891 

1 0910 

1-08706 

— 

1-0864 

80 

1*10777 

— 

— 

1*1057 

1*10080 

1-10034 

1-0994 

90 


— 

— 

1*1217 

1*11532 

— 

1-1144 

100 

_ 

— 

1 -1359 

1 -1382 

1*13024 

1-12998 

1-1292 

■ITS 

_ 

— 

1*1531 

1 -1558 

1*14576 

— 

1-1440 

120 

— 

— 

1-1712 

1*1743 

— 

— 

— 

130 

— 

— 

1*1905 

1*1934 

— 

— 

— 

140 

— 

— 

1*2110 

1*2138 

— 

— 

— 

150 

— 

— 

1*2830 

1 *2354 

— 

— 

— 

160 



1*2566 

1*2576 





Ii will be seen that my results are in fair accordance with those of 
Thorpe and Pierre. Him’s determinations of the volumes of carbon 
tetrachloride appear to be too low. 


Oarlon Tetrachloride . 


Temperature. 

Volumes of a gram. 

Prom 

curve. 

Molecular 

volumes. 

L 

IL , 

m. 

90° 


136*2 

_ 

125-4 

19250 

100 

— 

97-4 

— 

97-5 

14950 

110 

— 

76-5 

— 

76-7 

11750 

120 

— 


— 

61*2 

9390 

* 130 

— 

49*2 

— 

49*4 

7590 

140 

— 

— 

— 

• 40*3 

6190 

150 

— 

— 

32-2 

33-1 

5080 

160 

28-0 * 

— 

27-4 

27*4 

4200 

170 

24-0 

— 

22-9 

22*8 i 

3500 

180 

19-7 

— 


19 05 

2925 

190 

16-8 

— 



2456 

200 

13-6 

— 

13*48 

| 13*48 

2069 

210 

11-5 

— 

11-37 

11*38 

1746 

220 

1 9-70 

— 

9-59 

L 9-62 

1476 

230 

8*17 

— 

8-12 

8*12 

1246 

240 

6-86 

— 

6-80 

I 6-83 

1047 

250 

| 6-72 

— 

5-66 

5-70 

874 

260 

| 4-67 

— 

4-66 

1 4*66 

715 

270 

8-70 

— 

— 

3*69 

566 

280 

j 2-79 



2-78 

427 
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Volumes of a Gram and Molecular Volumes of Saturated Vapour . 

These were determined by the new method; in calculating the 
ratios of the specific volumes of the saturated vapour to those of the 

VI) 

liquid at each temperature by means of the formula B» = y^y^ 

the values of Y taken were those read from the curve. 

The different series are numbered as in the tables of the volumes 
of liquid. 

Stannic Chloride. 
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chloride, while the third series should receive greater weight than 
the first. With stannic chloride, the arrangement of the series in 
order of accuracy is III, IT, II, I. 

The critical volumes of carbon tetrachloride and stannic chloride 
have not been determined directly, but the following approximate 
values* have been arrived at by a comparison of the molecular volumes 
of these substances with those of fluorobenzene by a method described 
in a paper shortly to be read before the Physical Society. 

Critical volume Critical molecular 

of a gram. volume. 

Carbon tetrachloride. 1*53 235 

Stannic chloride.. 1*16 301 

It is quite clear that no such simple relations hold good between 
carbon tetrachloride and stannic chloride, as between the halogen 
derivatives of benzene, but from the boiling points and other proper¬ 
ties of the chlorides of the tetrad group of elements, it has been 
inferred that they should he subdivided into two groups, thus:— 

B. p. B. p. 

Carbon tetrachloride. • 76*74° 

Silicon tetrachloride.... 57*57° 

Titanium tetrachloride 136*40 

Germanium tetrachloride 86 00 

Zirconium tetrachloride (very high) 

Stannic chloride. 114*10 

The chlorides of the carbon group of elements possess higher boil¬ 
ing points than do those of the silicon group nearest to them in the 
series. 

I hope to be able before long to communicate the results of de¬ 
terminations of the vapour pressures and molecular volumes of silicon 
tetrachloride and titanium tetrachloride. 


LXXXII .—On the Freezing Points of Triple Alloys of Gold, Cadmium , 

and Tin. 

By C. T. Heycock, M.A„, and F* H. Neville, M.A. 

I» previous communications to the Society (Proc.,No.65,p.41; Trans., 
1889, 55, 667; 1890, 57, 376) we described experiments on the freez¬ 
ing points of alloys of two metals. In the course of subsequent work, 
of which a brief abstract has been published (Proc., No. 88, p. 158), we 
found that when several metals are in solution together their effects 
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in lowering the freezing point of the solvent metal were independent 
of each other’s presence, so long as the solution remained dilate. The 
present commnnic&tioa contains the results of experiments on more 
concentrated solutions, containing gold and cadmium, dissolved in 
tin. In these cases, as will be seen, the phenomena are of an entirely 
different character, and there is no simple relation between the 
quantify of foreign metal present and the fall of the freezing point. 

The experiments were made as described in the paper on tin solu¬ 
tions (Trans., 1890, 57, 376), in the axis of thick iron cylinders, 
except that to ensure a greater accuracy the thermometers were 
graduated* every 10 mm. against a platinum thermometer, as de¬ 
scribed by Griffiths (B.A. Reports, 1890), and the results, mapped 
on a large scale, were used for determining temperatures. 

In order, as far as possible, to protect the long stem of the thermo¬ 
meter from currents of heated air, the top of the iron block was 
covered with a plate of asbestos, 14 inches square. The same pre¬ 
caution had been previously taken when determining the fixed points 
on the thermometer. When working with concentrated solutions, 
we found it necessary to drop in small nuclei of previously solidified 
alloy, in order to prevent too great surfusion; without this precau¬ 
tion we were unable to obtain concordant results. 

The course of an experiment was as follows:—300 grams of pure 
tin was placed in the block, and the freezing point taken several 
times with great care; weighed quantities of one of the foreign 
metals were then added in successive doses, until the requisite 
quantity was present, the freezing point bei*g determined after each 
addition, vigorous automatic stirring being maintained. To this 
solution, the second foreign metal was added in the same way. Since 
both gold and cadmium dissolve in tin with great ease, it was found 
sufficient to drop the weighed quantities of gold and cadmium 
directly into the block. The results were mapped on a large scale, 
by marking off the number of atoms of foreign metal present per 
100 atoms of tin, horizontally, from left to right, and the tempera¬ 
tures of the freezing point vertically downwards. The curves thus 
obtained, showing the connection between the composition of the alloy 
and the freezing temperature, are reproduced ou a small scale with 
the present paper. In the tables which accompany this paper, the 
actual experimental results are given. 

The curves obtained in this way present certain similarities which 
allow of their being classified into three types:—Type I, when the 


* We were greatly assisted in the work of graduating the thermometer by 
Mir. G. M. Clark, of Sidney College, and also by Mr. E. H. Griffiths, and we wish 
here to record our best thanks to them. 
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first metal (An or Cd) is not present to tlie extent of more than 
3 atoms per 100 atoms of tin.* 

Type II, when the first metal is present to the extent of more than 
3 atoms, but does not saturate the liquid. 

Type III, when more of the first metal has been added to the tin 
than is required to produce the eutectic or saturated alloy. 

Curves of Type I may be diagrammatieally represented thus— 


TrpE L 



Vertical distances axe falls in temperature; horizontal distances, 
atoms of Au or Cd. 

AB = fall caused by gold. 

BCD = „ „ cadmium. 

Curves of this type have only been produced by adding gold first, 
and then cadmium. It will be seen that each addition of cadmium 
produces a further effect, but the magnitude of this effect varies very 
much from place to place, being a minimum, or, perhaps, nil, at the 
points of infiexion. (See Plate 1, p. 966, and Tables I and II.) 

The 3-atom gold curve, Table III, and Plate 1, shows the transition 
from a curve of Type I to one of Type II. 


* In future, we propose to speak simply of the number of atoms of foreign metal 
present. By this we mean the number of foreign atoms per 100 atoms of tin. 
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Table I.—300 grams of Tin taken as Solvent 


Prams of 
Au added j 
in succes¬ 
sion. | 

1 

Prams of 
Cd added 
m succes¬ 
sion. 

> i 

Total | 
weight of | 
Au or Cd | 
added. 

I 

| Freezing 
point of 
solution. 

Atoms of 
Au or Cd 
per 100 
atoms of 
tin. 

Falls 
in °C, j 
D, 

Remarks. 




(231-42) 



* 


i “ ! 

10-026 ! 

! 

1 225-73 

1 

2*0 

5*69 




Now added Cadmium. 



_ 

1-874 

1-874 

: 224-63 I 

I 0*483 . 

6-74 I 


— 

1*539 

2*913 

I 223*66 1 

1 1*024 1 

7-76 


— 


6-703 


1 2-355 | 


No infusible 



\ 

1 

I 


residue. 

Table II. — 300 grams of Tin taken as Solvent 

Grams of 

Pram-* of 

Total 

1 

1 i 

Atoms of 
Au or Cd 
per 100 | 
atoms of | 
tin. 

i 

1 

Falls 
in °C. 
D. 


An added 
£m succes¬ 
sion. 

Gd added weight of 
m sucees- 1 Au or Cd 
Sion. added. 

i i 

Freezing 
point of 
solution. 

1 

Remarks. 



! 

(231-1 2 ) 



1 

1*650 

— 

1-650 

| 230*55 

[ 0*3292 

0*87 

I 



How added Cadmium, 



_ 

0*308 

0*308 

230-27 

0 *1082 

1*15 

• Nuclei of alloy 
used in all 

— 

0*277 

1 0-585 

230*05 

0*2055 

1*37 

— 

0*308 

0 *893 

229-78 

0-3137 

1*64 

these experi- 

— 

0*2782 

1 1-171 

229*55 | 

0*4114 

1*87 

meats. 

— 

0-3980 

1*569 

229-23 

0-5512 

2*19 


— 

0*3890 

1*958 

228*91 

0-6878 

2*51 


— 

0*902 

2*86 

228-17 

1*0045 

3-25 


— | 

1 1*238 

4*098 

227-11 | 

1 1*439 

4*31 




How added Gold. 



4-737 i 

_ | 

6*387 , 

224-72 

0-9451 1 

1 6-70 


3-639 

— I 

10*026 1 

1 222*77 1 

2-00 | 

8-65 



* As a general rule, each series of experiments •was carried out with the ther¬ 
mometer known to ns as Hicks’ No. 10. When the temperature fell below the 
range of this thermometer, we nsed Hicks’ No. 9. 
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Table II— continued. 


Grams of 
Au added 
in succes¬ 
sion. 

1 Grams of Total 

Cd added ( weight of 
in succes*' Au or Cd 
sion. j added. 

I 

Freezing 
point of 
solution.' 

1 

Atoms of 
Au or Cd j 
per 100 | 
atoms of 
tin. 

Falls 
in ° C. 
D. 

Remarks. 


3-880 

Kow added Cadmium. 
7-978 1 220-11 1 2-802 

11-31 


— 

1-535 

9-513 

219 -01 

3*341 

12-41 


— 

1-449 

10-962 

218-1 

3-85 

13 -32 


— 

1-424 

12 -386 

217-33 

4*35 

14-09 


— 

1-102 

13-488 

216-76 

4-73 

14-66 


— 

1-376 

14-863 

216-04 

5-220 

15*38 


— 

1-796 

16-659 

215-21 

5-851 

16-21 


— 

3-449 

20-108 

214-41 

7-062 

17-01 


— 

1-816 

21-924 

213-87 

7-70 

17-55 


— 

1-109 

23 -033 

213-41 

8-09 

18-01 


— 

2-135 

25*168 

212-45 

8*889 

18-97 

Changed to 
Hicks’ No. 9- 

— 

2-414 

27-682 

211*48 

9-687 

19*94 

— 

2*831 

30-413 

210-73 

10*681 

20-69 


— 

2-843 

33 ‘256 

210*42 

11-679 

21-00 


— 

2-712 

35-968 

210-24 

12*631 

21-18 


— 

3-062 

39*03 

209-72 

13-706 

21-70 


— 

3*168 

42-198 

, 208*91 

14*82 

22*51 


— 

4-143 

46*341 

207-76 

16-27 1 

23*66 



7-915 

54-256 

205-2 

1 

19*05 

26-22 



Curves ,of the second type, when the first metal is present in 
quantity insufficient to saturate the liquid, aTe represented by the 
broken line 0ABODE, where the line OA corresponds to the fall caused 

Type II. 



by the first metal, say gold, and the remainder to the effect of adding* 
cadmium. The point B is certainly an angle, and a precipitate is 








OF TRIPLE ALLOTS OF GOLD, CADMIUM, AND TIN, 941 


formed after this point is reached. C is a rounded summit. D ap¬ 
pears to be an angle, or a very sharp curve, whilst at E the change of 
curvatnre is gradual. 

Here it will be seen (Plate 2, p. 966) that the summit C, and in 
those cases in which gold is the first metal added, the fiat DE, always 
occur at the same temperature, whatever the amount of gold or 
cadmium initially added. The summit G invariably reached when 
tits number of gold atoms is equal to the number of cadmium atoms , in 
other words, the minimum fall in the freezing point of tin is pro¬ 
duced with this ratio of gold to cadmium. Thus, for example, the 
summit 0 has been reached with 4 atoms of gold and 4 atoms of 
cadmium, 5 atoms of gold and 5 atoms of cadmium, 9 atoms of gold 
and 9 atoms of cadmium per 100 atoms of tin, and all these alloys are 
isotectic.* 


Table HI,—300 grams of Tin taken as Solvent . 


Grams of 
Au added 
m succes¬ 
sion. 

Grains of 
Cd added 
in succes¬ 
sion. : 

1 

Total 
weight of 
Au or Cd 
added. 

1 

Freezing 
point o± 

| solution. 


Falls 

in°C. 

D. 

Remarks. 




/ tin \ 
V281-44/I 

1 

| 8-007 



15^07 

— 

15-07 

| 222 77 | 


8-69 



How added Cadmium. 


_ 

1-011 

1*011 

222*14 

0*355 

9*30 

Same reading 

— 

1*144, 

2*155 

221*38 

0-757 

10*06 

with nuclei of 

_ 

1-708 

3-858 

220*28 

1*355 

11 *16 

either Sn or 

— 

1*463 

5*321 

210-87 

1-869 

13-07 

alloy. 

— 

1*512 

6*833 

218*3 

2*400 

13*14 


— 

1*669 

8*502 

217-26 

2*986 

14*18 


— 

1-561 

10*063 

216-93 

3*534 

14*51 


— 

1*499 

11 -562 

217-2 

4*061 

14*24 


— 

1*209 

12 772 

217*06 

4*485 

14*38 

■ 

— 

1*658 

14*430 

216*86 

5*068 

14*58 


— 

2*528 

16*958 

216*37 

5*956 

15*07 


— 

8-025 

19-983 

215*55 

7-018 

15*89 


— 

8*269 

28-25 

214*38 

8-166 

17*06 


— 

2'845 

26-097 

213*35 

9-165 

18*09 

. 

— 

8-720 

29-817 

211 *77 

10-47 

19*67 

Changed ther¬ 

— 

8-990 

88-807 

210*69 

11-872 

20*75 

mometer. 

— 

8-183 

36-99 

210*65 

12-99 

20*79 


— 

8-866 

40-35 

210*51 

14-172 

20-93 


— 

4-161 

44-517 

210*46 

15*638 

20*98 


— 

6-242 

50-76 

209 08 

17-825 

23 *36 



8-845 

59-604 

206*32 

20-931 

25*12 | 



* Isotectic substances are those which melt at the same temperature. 
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Table 1Y.—300 grams of Tin taken as Solvent . 


1 

! 

Grams of 
Au added 
in succes¬ 
sion. 

i 

Grams of 
Cd added 
in succes¬ 
sion. 

f 

i Total 
weight of 
An or Cd 
added. 

1 

i ... 

Freezing 
point of 
solution. 

Atoms of 
An or Cd 
per 100 
atoms of 
tin. 

! 

Falls 
in ° C. 
D. 

Remarks. 



, 

(»&> 




2 087 

— 

2*087 

230*22 

0*4164 

1*20 


11*99 

— 

1-4*077 

223*41 

2*809 

8*01 


5*848 

— 

19*925 

219*95 

3*976 

11*47 



J^ow added Cadmium. 


_ 

0*951 

0*951 

219*37 

0*334 

12 *05 


1-015 1 

1-906 

218-66 

0*691 

12*76 

_ 

1-157 

3*123 

218-0 

1*097 

13*42 

_ 

1*062 

4*185 

217-28 

1-47 

14*14 

_ 

1*022 

5*206 

216-76 

1*83 

14*66 

_ 

1*265 

6-473 

217-01 

2-274 

14*41 


1*004 

7-477 

217-17 

2*625 

14-25 

_ 

1-362 

8-839 

217-32 

3-104 

14*10 

_ 

1-720 

10-559 

217-41 

8-709 

14-01 

_ 

0-912 

11-471 

217-54 

4*032 

13*88 

_ 

1-242 

12-713 

217-37 

4*469 

14*05 

_ 

1*477 

14-19 

217*1 

4*988 

14*32 


1-438 

15-628 

216-93 

5-493 

14*49 

— 

1-404 

17-032 

216-67 

5-986 

14-75 


1*416 

18-448 

216*34 

6-463 

15*08 

— 

1*37 

19*818 

215*95 

6*963 

15*47 

— 

3*220 

23*038 

214*87 

8*095 

16*55 

— 

3*038 

26-076 

213*78 

9*162 

17*64 

— 

3 163 

29*244 

212*5 

10*275 

18*92 

— 

3*715 

32*96 

210*9 

11*58 

20*52 

_ 

3*175 

36*134 

210*66 

12*695 

20*76 

— 

3*027 

39*161 

210*56 

13*76 

20*86 

— 

3-595 

42*756 

1 210*19 

15*02 

21*23 

— 

1-757 

44*513 

210*72 

15*638 

20*70 

— 

10-476 

54-989 

209*73 

19*318 

21 *69 

— 

5 112 

60*101 

208*43 

21*114 

22*99 

— 

5-30 

65-401 

206*78 

22*976 

24*64 

—. 

5*15 

70*551 

204*95 

24*785 

26*47 

— 

5*315 

75*866 

203*08 

26*652 

28-34 | 


7*130 

i 

82-996 

_j 

200-48 

I 

29*153 

30-94 


Curves of the third type are obtained when more gold has been 
added than the amount required to saturate the tin. Here the slope 
OA and the flat AP are due to the gold. PQ shows the effect of the 
fust quantities of cadminm, the fall from P to Q being independent 
of the amount of gold present; this is true for all the curves of 
Type IH. Directly the point Q is reached a precipitate begins to 
separate out in the block and remains to the end of the experiment. 
The part QB. is of different lengths in different curves; it is probable. 
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however, that the horizontal distance PR equals AP, in other words, 
that the cadmium begins to produce a rise when as many atoms of it 

Type III. 



aie* present as there are atoms of gold in excess of the saturation 
amount. 

From R onwards the curve closely resembles Type II, the summit 
C of least effect, and the flat DE occurring at identical temperatures 
in the two classes of curves; moreover, 0 is reached when the 
number of atoms of cadmium is equal to the number of atoms of 
gold. 


Tablc T.—300 grams of Tin taken as Solvent. 


Grams of 
Au added 
in succes¬ 
sion. 

Grams of Total 

Cd added weight of 
in succes- Au or Cd 
siou. added. 

1 

Freezing 
point ot 
solution. 

I Atoms of 
AuorCd 
per 100 
atoms of 
tin. 

l 1 

Palls | 
in 0 O. 
D. 

1 

Remarks. 

25*06 

— 25*06 

( 231 * 5 ) 

217-12 j 

5*0 

14*43 



Now added Cadmium. 


— 

1-045 I 

1-045 

216*5 

I 0*367 

15*05 . 

— 

1*14 

2-185 

215 *88 


16-67 

— 

1*30 

3*485 

215 *16 

1*224 

16*39 

— 

1-025 

4*51 

214*64 

1*58 , 

1 16-91 

— 

0-5585 

5-068 

215-24 

1*78 

16-31 

— 

0-7445 

5*813 

215*7 


15*S5 

— 

1-46 

7*273 

216-80 

2*554 

15-16 , 

— 

1*315 

8*588 

216*84 


14*71 1 

— 

1*174 

9*762 

217*15 

3*428 

14*40 

— 

1*364 

11*126 

217*42 

3*907 1 

' 14*13 

— 

0*936 

12*062 

217*58 

4*235 

. 13*97 

— 

0*897 

12 *959 

217*64 

4*55 

1 13*91 

— 

0*753 

13 *712 

217*69 

4*82 

13*86 


0*720 

14*432 

217*69 

5-07 

J 13*86 


3 T 


VOL. LIX 
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Talle YL—300 grams of Tin taken as a Solvent . 


Grams of 
An added 
in succes¬ 
sion. 

Grams of 
Cd added 
in succes¬ 
sion. 

Total 
weight of 
Au or Cd 
added. 

Freezing 
point of 
solution. 

Atoms of 
Au or Cd 
per 100 
atoms of 
tin. 

i 

' Falls 
in ° C. 

1 D ' 

l 

Remarks. 




( tin \ 


! 


_ 

— 

— 

\231*4i; 

— 

— 


1*249 

— 

1*249 

230-60 

0*249 

0*75 


1-610 

— 

2*853 

229*78 

0-57 

1*63 


4*6125 

— 

7-471 

227-14 

1*491 

4*27 


10-3785 

— i 

17 *850 

221 *1 

3-561 

10*31 


S-0565 

— 

25-907 

216-37 

5*17 

15-04 


3*314 

— 

31*22 

213*51 

6*23 

17*9 

Changed tlier- 

1*925 

— 

33*15 

213-36 

6*614 

l 18*05 

mometer to 


j 




1 

Hicks’ No. 9. 



Now added Cadmium. 



_ 

1*0465 

1-0465 

218-15 1 

0-3675 

18*26 


— 

3*122 

4*1685 

212*64 

1-4C4 

18*77 


— 

2*713 

6*881 

212*64 

2*417 

18*77 

Hicks’ thermo. 

— 

3*101 

9-982 

215*71 | 

3-506 

15*7 

No. 10. 

— 

3*063 

13 *045 

216 *81 

4*581 

, 14*6 


— 

3*1475 

16*193 

1 217-48 

5*686 

1 13*93 


— 

2*63 

18*823 

217-65 l 

6*61 

13 *76 


— 

2*921 

21-744 

217*28 

7*636 

, 14*13 


— 

2*58 

24*324 

216-93 ! 

8*542 

1 14*48 

Raised to high 

— 

2*576 

26-90 

216-29 ' 

9*447 

15*12 

l temp, for 1 

— 

3*09 

29 *99 

215*3 

10-532 

16*11 

hour. 

— 

3*89 

33*88 

213*84 , 

11*898 

17*57 


— 

3*58 

87-47 

, 212*33 , 

13*155 

19*08 


— 

11*772 

49*232 

210*60 

17*29 

20*81 

Clianged to 

— 

3*826 

i o3 *058 

210*6 

18 *633 

20*81 

Hicks’ No. 9. 

— 

4*643 

1 57*70 

, 210*59 

20-20 

20 -S2 



10*065 

I 67-766 

210*03 

i 

23*799 

21*33 



Table YTI.—800 grams of Tin taken as Solvent 


Grams of Grams of 
Auudded 1 Cd added 
in succes- in succes¬ 
sion. | sion. 

1 

Total 
weight of 
Au or Cd 
added. 

1 . 

(Freezing 
point ot 
solution. 

I 

j Atoms of 

1 An or Cd 
per 100 | 
atoms of 

tin. 

1 

Falls 
in 0 C. 
D. 

Remarks. 




(231^5l) 




30*57 

— 

30*57 

, 213*75 

! 6-099 1 

17*76 


1*031 

— 

31*601 

> 213*55 j 

1 6-305 

17*96 


4*661 

— i 

i 36*262 

213*49 j 

7"235 . 

18*02 


3*834 | 

— i 

[ 40*096 

213 *48 j 

8-00 1 

18*05 


5*012 

— 1 

45*108 

213*45 | 

8-00 1 

18*06 

Hicks’ No. 9. 
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Table VII — continued. 


(Trams of 
Au added 
in succes¬ 
sion. 

Grams of 
Cd added 
in bucee&* , 
sion. 

1 

Total 
weight of 
Au or Cd 
added. 

1 

Freezing 
point ot, 
solution. 1 

Atoms of 
Au or Cd 
per 100 
atoms of 1 
tin. 1 

Falls 
in ° C. 
D. 

Remarks. 

_ i 

1-077 

Xow added Cadmium. 

1-077 213-0 0-378 

18*51 



1*298 

2 375 

212-6S 

0*834 

lb -83 



1-231 

3*606 

212*46 

1*266 , 

19-03 


— 

1-446 

5*05 

212-44 

1*775 

19*07 


— 

1-177 

6*229 

212*45 

2*188 1 

19 00 


_ 

,1-466 

7-605 

212 55 

2*703 , 

18-90 


— 

1-367 

9*062 

212*55 

3*183 

18*96 


_ 1 

1 *412 

10-474, 

212-72 

3-679 l 

18-79 

Changed to 

— 

1*65 

12 -124 

213*33 

4*258 

13-13 i 

Hicks’No. 10. 

— 

1 *99S 

14*122 

214*54 

4*960 , 

, 16-97 


— 

1 *818 

15 -940 

215*5 

5*599 1 

1 16*01 


— 

1 *525 

17*465 

216-19 

6*134 

15*32 


— 

1*585 

19*050 

216-83 

G *091 

, 14*68 1 


— 

1*945 

20-995 

217*36 

7 374 

14*15 

A large quanta- 

— 

1*374 

22 *369 

217-59 

7*856 

13*92 i 

ty of precipi¬ 
tate at bottom 

— 

1*648 

24-02 

, 217*7 

8*436 

13*81 

— 

1-520 

25 *537 1 

1 217-63 

8*97 

13*83 

of block. 

— 

1*306 

27-043 

1 217-52 

9*498 

| 13*99 


— 

2-208 

29 *251 

217*17 , 

, 10*274 

1 14*34 


— 1 

1 3*806 

33*06 

216 *3 

11 *611 

15*21 


_ 

1 3*285 

36*34 

215 *2 

12*765 

1 16*31 


— , 

l 4*853 

41 *195 

213*33 

14*47 

18*18 


— 

3*947 

45-14 

211 *4 

15 *851 

20*11 

Thermo. 

— 

1*424 

46-566 

210*75 

16-354 

20-76 

Hicks’ STo. 9. 

— 

1*352 

47-92 

210-6 

16-829 

20-91 



1*579 

49-497 

210*66 

17*384 

20*85 


— 

1-714 

51-211 

210 *63 

17*986 

20-88 


— 

1*762 

52*973 

210-6 

18*61 

20*91 


— i 

1 2-01 

54-983 

210 *6 

19*311 

20-91 


_ 1 

1 2*095 

57 *08 

210*6 j 

l 20 *05 

20*91 j 


— 

1-650 

58*73 

210-6 1 

20*63 

20-91 


— 

1*062 

59*79 

210*6 

21*0 

20-91 


— 

1-71 

61 *50 

210*51 | 

21*6 

21-00 


— l 

l 1-761 

63*26 

210*66 1 

22 *22 

20*85 


—' I 

1 2-744 

66*0 

210*55 

23*18 

20*96 


— 

2-959 

68*96 1 

210*46 t 

24*22 

21*05 


— 

2 -666 

71*63 i 

210*41 

25*156 | 

21 -07 


— i 

I 1*850 

73-48 i 

210*43 , 

25*81 

21-Ob 


” i 

, 2-286 

75-764 

210*03 ! 

26 *61 

21-48 



3 t 2 
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Table VIII.—300 grams of Tin taken as Solvent. 


Grams of 
An added 
in succes¬ 
sion. 


Grams oi 
Cd added 
in succes¬ 
sion. 


Total 
weight of 
An or Cd 
added. 


Freezing 
point ot 
solution. 


Atoms of 
Au or Cd 
per 100 
atoms of 
tin. 


Falls 
in c C. 
D. 


23-06 — 

25-06 

5-012 — 

30-072 

0*802 — 

30-874 

0*511 — 

31-385 

2-232 — 

33-617 

5*04t> — 

38-665 

8*932 — 

47-597 

7*535 — 

55-132 


(281 U 57) 

_ 

_ 

217*23 

5*0 

14*34 

| 214-29 

6*0 

17*28 

213 -77 

6-16 

17*80 

1 213-C 

6*262 , 

, 17*97 

| 213*57 

6‘107 1 

1 18-00 

213*53 

7*714 

18-04 

213*53 

9*497 

18*04 

213-52 

11*00 

18*05 



Remarks. 


Now added Cadmium. 


— 

0-35S5 

0*3583 

213*47 

0*1259 

18*10 

— 

0-664 

1*0225 

213*43 

0*359 

18*14 

— 

0*530 

1*5525 

213*32 

0*5454 

18-25 

— 

0-752 

2*3045 

213-12 

0*8095 

18*45 

— 

0-498 

2-8025 

213-01 

0*9844 

18-56 

— 

0-575 

3 *3775 

212*9 

1*1864 

18*67 

— 

0-480 

3-858 

212*86 

1*355 

18-71 

— 

0*770 

4*628 

212-81 

1-625 

18*76 

— 

1*006 

5*634 

212-78 

1-978 

18*79 

— 

1-465 

7-099 

212-8 

2-493 

18-77 

— 

6-638 

13-737 

212-86 

4-8246 

18*71 

— 1 

6*558 

20*295 

215-66 

7-128 

i 15-91 

— i 

2-683 

22*979 

216*88 

8-0713 

| 14-69 


2-028 

25*006 

217-49 

8*7835 

1 

1 14*08 

1 


Table IX.—300 grams of Tin taken as Solvent . 



Total 
weight of 
Au or Cd 
added. 


) Freezing 
point oi j 
I solution. 


Atoms of 
Au or Cd 
per 100 
atoms of 
tin. 
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Table IX— continued. 


Grams of 
An added 
in succes¬ 
sion. 

! 

Grams of 
Cd added 
in succes¬ 
sion. 

1 

1 Total 
l -weight of 

1 An or Cd 

1 added. 

1 

1 1 

Freezing 
point ot | 
solution | 

1 

Atoms of i 
Au or Cd i 
per 100 I 
atoms of 
tin. 

Falls 
in ° C 
D. 

Bemarks. 



Now added Gold. 


i 

1-1205 i 

;_j 

i 

| 1*1295 

221*95 

0*2253 

9*56 


0*90 

1 — 

2-1195 

221*53 

0*4228 

9 *98 


1-059 ' 

1 

3-17S5 

221-05 

0 *034 

10-46 


1-011 

— 

1 4-1895 

220-59 

0*8358 

10-92 


1-122 

■ 

1 5-3115 

220*12 

1 0590 

11-39 


1-018 

— 

1 6*329 

219*62 ] 

1 1 *263 

11-89 


1-047 

— 

7*376 

219-17 I 

1 1-472 

12*34 


1-008 

— 

8-384 

218-71 

, 1*673 

12*8 


1-01 

— 

9*894 

218*26 

1 1 -874 

13 25 


1-01 

— 

10-403 

217*77 

2-075 

13*74 


1-005 

— 

11 -481 

217*3C 

2-276 

14-15 


1*082 

— 

12-491 

216*88 

2*492 

14*63 


1-003 

— 

13*493 

217*11 

2*692 

1 14*4 


1-001 

— 

14*495 

217 *27 j 

2*892 

14*24 


1-002 

— 

, 15*496 

217*3S ! 

3 09 

14*13 


1-013 

— 

1 16*509 

217*49 ! 

3*294 

14 -02 


1-001 

— 

1 17-511 

217*55 

3-493 

13 *96 


1-085 

— 

IS*595 

217-69 

3-71 

13*92 


1-00S 

— 

19-603 

217*69 

3*911 

13 *82 


1-044 

— 

20*647 

217-69 

4*12 

13*82 


2-0 

— 

22-647 

217*65 

4*518 

13*86 


3-015 

— 

25 -663 

217-38 

5-120 

14*13 


4-045 

— 

29-707 

216-97 

5-927 

14*57 


2-763 

— 

32*471 

216*62 

6-478 

14-89 


2-035 

— 

1 34-506 

216-16 

6*884 

15-35 


2-299 

— 

1 36-805 

( 215*54 

7-343 

15-97 


2-51 

— 

89*32 

214-79 

7-843 

16-72 


2-55 

— 

41-86 

213-99 

8-352 

17-53 


2-662 

— 

1 44-53 

212 -77* 

8*383 

18-74 


2-591 


1 47*117 

212-77 

9*4 

18-74 


2-795 

— ! 

I 49-91 

212-77 

9-96 

18-74 


2-706 

— 

52-62 

212-77 

10*498 

18-74 


2-601 

— 

1 55*22 

212-77* 

11-02 

18-74 


2-555 

— i 

1 57*774 

212-77 

11*526 

18-74 


2*096 

— 

59*87 

212-77 

11*944 | 

I 18-74 


2-6 

— 

62*47 

212-77 

— 

1 18-74 


2-586 

_ 

I 65*050 

212-77* 

■ — 

18-74 


2-428 

— 

1 67 *484 

212-77 

— 

18-74 i 

2-596 

— 

i 70*078 

, 212-77 

13*98 

18-74 | 



Now added Cadmium. 


- i 

14-859 j 

1 26-25 

214-16 

9*217 

17-35 



* Fluctuations did not exceed 0 “03 c 








948 HEYCOCK AND NEVILLE: THE FREEZING POINTS 


Table X.— 300 grams of Tin taien as Solvent . 


Gram* of 
Au added 
in succes¬ 
sion. 

Grams of Total 

Cd added weight of 
in sueces- Au or Cd 
sion. added. 

i 

Freezing 
point of 
solution. 

Atoms of 
Au or Cd 
per ICO 
atoms of 
tin. 

Falls 
in °C. 
D. 

Remarks. 

H 1 

3‘720 
3-032 
3-668 
S-00J 

3-726 

7*658 

11-326 

19-935 

(231^5$) 
22$ *37 
225 -23 
222*53 
[ 217*79* 

1 

1- 309 1 

2- 69 

3- 975 
7-0 

1 3-21 
6-35 
9-05 
13*79 



Now added Gold. 


1 *2685 

_ 

1-26S5 

217*32* 

0-2531 

14*26 

1*0895 

— 

2*358 

216*7* 


14*68 

1*5055 

— 

3*9235 

216*07 


15*51 

1*333 

— 

5*3005 

215*55 

1*059 

16*03 

1*0645 

— 

6*371 

215-18 

1*271 

16*40 

2*251 

— 

S-622 

214*38 

1*72 


1*112 

— 

9*734 

214*59 

1*942 

16*99 

1*486 

— 

11*22 

214*92 

2*239 

16*66 

1*126 

— 

12*346 

215*13 

2*461 

16*45 

1*215 

— 

13*561 

215*43 

2*703 

16*15 

6*488 

— 

20*05 

216*44 

4*0 

15*14 


In order to gain some insight into the changes that have gone on 
in the blocks, analyses were made of the liquid portion and the 
precipitate at various points on the curves of Types II and III. 

The collection of pure samples of the liquid and precipitate pre¬ 
sents considerable difficulty, for the composition of the liquid i 
affected by the change of solubility of the precipitate with the 
temperature, whilst the composition of the precipitate is affected 
by the mother liquor adhering to it. After several trials, the fol¬ 
lowing plan for collecting the liquid and precipitate was found to 
yield fair results:—At the termination of an experiment the tem¬ 
perature of the block or crucible was kept as nearly as possible 
stationary, a few degrees above the freezing point of the alloy, rapid 
stirring being maintained for a quarter of an hour. The thermo¬ 
meter was then withdrawn, the stirrer stopped, and the precipitate 
allowed to subside for two or three minutes. Some of the super¬ 
natant liquid was then sucked up by means of a very fine pointed 
pipette, which had been previously heated to prevent the alloy 
solidifying. Owing to the fine point of the pipette and the time 
aUowed for the precipitate to subside, the mechanical introduction of 

* Some experimental error ■which apparently corrects itself later on. 
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the precipitate, along with the fluid part, was to a large extent 
avoided. After the alloy had solidified, the pipette was broken, 
and the cylinder of metal was cleaned from adhering paraffin, 1 • re¬ 
melted at as low a temperature as possible, and afterwards granu¬ 
lated by throwing into water. 

To obtain the precipitate, the residue in the block, after withdraw¬ 
ing part of the fluid, was poured into an iron-wire gauze bag, placed 
in a bath of molten paraffin, at a temperature above the melting point 
of the fluid part of the alloy; by repeatedly raising the bag out, and 
tapping it against the iron block, the precipitate could be obtained 
fairly free from mothei* liquor. The precipitate crystallised in well- 
marked hexagonal plates. The analysis of the fluid part, or mother 
liquor, and the precipitate, was made as follows :— 

A weighed quantity of the alloy, from 2 to 3 grams, was placed in a 
beaker, and treated with pure, concentrated hydrochloric acid, and 
digested for several hours on a sand-bath, the liquid being decanted 
off:, and fresh portions of hydrochloric acid added from time to time. 
The gold left behind after the solution of the cadmium and tin, 
was collected, washed, and weighed. 

The separation of the cadmium and tin contained in the wash 
waters was effected by a modification of LowenthaTs method. The 
mixture of stannous and cadmium chlorides was oxidised with 
bromine, and the liquid neutralised with ammonia until a precipitate 
just formed. The solution was then diluted, warmed upon a sand- 
bath, and a concentrated solution of a mixture of sodium sulphate 
and ammonium nit rat ef added; the whole was then left for some 
hours on the sand-bath, and, after cooling, the precipitate of hydrated 
tin dioxide was collected and washed on a filter pump. In a few 
cases this precipitate was repeatedly ignited and weighed in order 
to estimate the tin directly; but usually the tin was determined by 
difference. 

After the separation of the tin, the cadmium in the filtrate was 
precipitated as sulphide by sulphuretted hydrogen. The cadmium 
sulphide was filtered and washed to free it from ammonium and 
sodium salts, and then dissolved off the filter by hot dilute hydro¬ 
chloric acid. After filtering, the pure solution of cadmium chloride 
was precipitated at the boiling point with sodium carbonate. The 
precipitated cadmium carbonate was collected on a filter, washed, 
dried, and transferred, as far as possible, to a porcelain crucible; the 
filter paper, with adhering traces of cadmium oxide, was burnt after 

* The mi hole of our freezing-point experiments were conducted under a layer of 
molten paraffin. 

f We found the mixture of Na^SO* and act much more rapidly th< n 

alone, as recommended by Lowenthal. 
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previous moistening with ammonium nitrate. The cadmium carbonate 
was ignited over the blowpipe and weighed as cadminm oxide. The 
results are almost certainly too low,* owing to a slight reduction of the 
oxide and volatilisation of the cadmium. The purity of the ignited 
cadmium oxide was ascertained by dissolving it in warm dilute nitric 
acid, any residue left being collected and weighed as tin dioxide.^ 
The cadmium results have in several instances been confirmed by 
simply treating weighed quantities of the alloy with nitric acid, 
evaporating to dryness, and igniting the residue. The cadmium 
oxide was dissolved out with dilute nitric acid, precipitated as carb¬ 
onate, and weighed as oxide; the results of this control gave in 
all cases 0*2—0*8 per cent, more cadmium than the previous 
method. 

For the couvenieuce of description and classification, the results 
in Table XI (pp. 951, 952) are not given in chronological order. 

On examining the numbers in the tables, it will be seen that, 
although the gold and cadmium have been dissolved in tin in very 
various proportions, the ratio of gold atoms to cadminm atoms are as 
1 : 1 in the precipitate, or, as analysis shows (with the exception of 
the results of Table VI), more nearly An^Cd. With regard to the 
large quantity of tin present in the precipitates, part, no doubt, is 
due to adhering mother liquor;J but we have strong reason for 
believing that another part enters as an essential constituent of the 
compound. We have made several attempts to clear np this point 
by endeavouring to reduce, as far as possible, the adhering tin. For 
this purpose, experiments were made on the precipitate collected 
after the results given in Table IX. Analysis of this precipitate 
have as mean results Au 31*96 per cent., Cd 14*62 per cent. 

A solid steel piston, about half an inch in diameter, was turned to 
fit a hole in a steel block or cylinder about 3 inches deep. The 
bottom of this cylinder was perforated by a number of fine holes 
over which was placed a disc of fine iron-wire gaoze. This cylinder 
was placed in the axis of one of our large blocks and heated to the 
necessary temperature. From 2 to 3 grams of the precipitate were 
then placed in the cylinder and kept at a temperature nearly 100° 
above the melting point of the liquid part of the alloy; the piston 
was then hammered in with a mallet, when a considerable portion, of 

# Presenilis (English translation, 1876), 7th ed., p. 266, says that the <e results 
of estimating cadmium as oxide are generally a little too low.” 

f The frequent presence of a little Sn0 2 in this precipitate confirms the work of 
previous observers, that all attempts to precipitate Bn as hydrated oxide in presence 
of hydrochloric acid are only partially successful 

t This tin would doubtless be accompanied by corresponding quantities of gold 
and cadmium. 



















































Original eorapoaition of mixture in bloei. I Composition of fluid part. I Composition ni the mmiluMr procipit.de. 



Sample of precipitate collected off thermometer stem. f This point is on the flab T>K. $ Hammered disc of precipitate. 
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the fluid part was expelled, the residue beinsr left as a thin wad or 
disc which could easily be driven out of the cylinder. 

Two experiments weie made on the precipitate obtained in 
Table IX. 

Disc I, hammered at 280°, weighed 3 3815 grams. 

Analysis gave— 

39 02 per cent. Au, 

18-81 Cd, 

42*17 Sn (by difference). 

This gives the formula Aui-mOdSn^. 

Disc II, hammered above 300*, weighed 1*3425 grams. 

Analysis gave— 

40*67 per cent. Au, 

20*19 Cd, 

39*14 „ Sn (by difference). 

This gives the formula An^^CdS^..,* 

Before hammering, the precipitate gave as the mean of three con¬ 
cordant experiments, Au 31*94, Cd 14*62, Sn 53 44. Theory inquires 
for the body Sn 3 AuCd 


Au. 36 2 per cent. 

Cd. 20 5 „ 

Sn. 43 3 


It will be seen that whilst the percentage of tin was reduced in 
the one case by 11*3, and in the other by 14*3, the ratio of the 
Au to the Cd remained almost the same as before the experiment. 
The foregoing precipitate was produced during an experiment 
which was concluded just before the angle D of the final fiat was 
reached (see Plate 3). 

From the above experiments we conclude that the gold and cad¬ 
mium unite atom for atom, for the following reasons:— 

(a.) 12 analyses of five different precipitates give the mean ratio 

Aui-iCd. 

(5.) This ratio remains the same, although the proportions in 
which the gold and cadmium were dissolved in the tin 
varied from 5*86 atoms Au for 5*89 atoms Cd to 14*5 atoms 
of Au for 6*2 atoms of Cd. 

(c.) The ratio Au : Cd cannot be disturbed by liqnation. 

(d.) The minimum lowering of the freezing point of the tin is 
produced when the gold and cadmium are present atom for 
atom. 

(a.) From solutions containing low percentages of gold and 
cadmium, we obtain precipitates rich in these metals. 
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Special interest attaches to the 3rd flat DE in the carves on Plate 3 
(p. 966) of Table TIL 

Here in one case the gold and cadmium had been dissolved m 
the ratio 9Au: 26 6Cd. 

Analysis of the precipitate gave 23*54 per cent. An, 

29*27 Cd, 


corresponding to the formula AuCd s .ig. 

On liquating and hammering a portion, as previously described, 
the following results were obtained :— 

Disc hammered at 310° weighed 2*503 grams. 

Analysis gave— 

34*04 per cent. An, 

43 97 „ Cd, 

21*99 ,, Sn (by difference), 

corresponding to the formula AuCd* s Sn x .i. 

Hence we conclude that two componnds are formed. Up to the 
angle D (Curves Types II and HI, Plates 2 and 3) the compound 
formed is AuCdSn 3 ; on the further addition of cadmium, one of the 
atoms of tin is displaced, and the compound AuCd a Sn is formed. 

The discnssion of the results of analysis of the fluid part of the 
alloy is given at the end of the paper, but it will be sufficient to point 
out here that if tbe tin is rich in gold it is poor in cadmium, and 
vice vertti. 

Interpretation of al ove Results. 

In attempting to interpret these curves in a more precise manner, 
we must start from the principle that, when any single metal is in 
solution in tin, the fall in the freezing point is a measure of the 
number of molecular weights of this metal present. Our previous 
experiments have made it probable that the molecule of a metal 
when dissolved in tin consists of 1 atom. If, therefore, gold and 
cadmium, when dissolved together in tin, produce a total fall which 
is less than the sum of the falls that each alone would produce, the 
difference is probably produced by the action of the gold and the 
cadmium on each other. 

A certain influence, which we may call mechanical or thermo¬ 
dynamical, is exerted by each dissolved metal on the osmotic pressme 
of any other dissolved metal, and therefore on the fall in the freezing 
point of the solvent caused by the latter. Moreover, gold probably 
increases tbe apparent effect of another dissolved metal by com¬ 
bining with some of the tin, and so practically decreasing the amount 
of the solvent, and making the solution of the other metal more con- 
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centrated. But these are minor causes, and w ould not produce the 
phenomena recorded in the curves. 

The main cause is probably the combination of the gold and cad¬ 
mium atoms to form molecules. It is clear that this would cause a 
rapid decrease in the total fall even if everything remained in solu¬ 
tion ; but our filtration experiments above the freezing point of tin, 
when large quantities of precipitate were formed, seem to prove 
that the new body is very sparingly soluble in tin. Hence, when 
gold and cadmium are brought together in solution in tin, a con¬ 
siderable quantity of these metals is removed from solution, and the 
total fall becomes much less than the sum of the separate falls. 

The analyses of the crystalline precipitate, and to some extent a study 
of the part from A to R in curves of Type III (p. 940), point to the 
conclusion that 1 atom of gold combines with 1 atom of cadmium, so 
that as far as these metals are concerned, the molecule of the com¬ 
pound formed has the formula Au^Cd*. It will be seen, when we 
consider the equations of equilibrium, that the occurrence of the 
summits C, corresponding to a minimum fall, at the moment when an 
equal number of atoms of gold and cadmium ha\e been added, 
strongly supports the formula Au„Cd 

It is very probable that the tin also reacts chemically with the 
other two metals, and may be an important constituent of the mole¬ 
cule of the compound; but the tin, from its large amount compared 
with the amounts of the gold and cadmium, must have a practically 
constant active mass, and hence it does not seem indispensable to 
take it into consideration in discussing the equilibrium. 

We shall, therefore, in what follows assume that a portion of the 
gold and cadmium combine to form molecules of the type Au ;i Cd, /Jr 
while the remainder of the two metals is present in the form of mon¬ 
atomic molecules. 

Let a and c be the total numbers of gold and cadmium atoms for 
every 100 atoms of tin present in the vessel, x and y the number of 
monatomic molecules of these metals present, and z the number of 
molecules of the body Au JX Cd ;i that has been formed. Then it is 
obvious that 


a = x + nz; c = y + nz. 

Let us consider the progress of the changes during the experi¬ 
ments recorded by a curve of the Type II. As we start from the 
state A of a pure solution of gold in tin, and advance towards B by 
adding cadmium, we have at each step a state of equilibrium between 
x atoms of gold, y atoms of cadmium, and z molecules of Au„Cd». 

It seems probable that up to the point B the compound all remains 
in solution, but that B corresponds to the saturation of the tin by 
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the compound. Indeed, soon after B is past, we can detect a pre¬ 
cipitate at the bottom of the block. 

As the fluctuations of temperature along any one of the curves only 
amount to about 20°, a small fraction of the absolute temperature 
of 500°, we propose in the equation of equilibrium to ignore these 
changes and regard the equilibrium as isothermal. 

The principle of Guldberg and Waage then leads to the equation 



JC 


( 1 ), 


where & is a constant which ought to be the same for all points 
between A and B on all the curves. 

From B onwards it seems that all tlie additional compound AuCd 
that is formed is precipitated. Hence, if z B is the amount in 
existence at the point B, the active mass of the compound remains 
constant, and equal to z B from this point onwards. 

The equation of equilibrium then becomes 


V*b 


K 


09 , 


or, more simply, xy = const. 

The flat DE probably corresponds to a state in which the con¬ 
centration of the cadmium in the liquid is so great that it begins 
to react with the precipitate, and to form a substance richer in 
cadmium. Under these circumstances we should expect the cadmium 
now added to be wholly appropriated, and not to remain in solution. 
Thus the fall in the freezing point would remain the same until all 
the insoluble body was transformed. We know that jpvre cadmium 
iu pure tin does not give a constant freezing point until 47 atoms of 
cadmium are present for every 100 atoms of tin, so that the flat DE 
is caused in some way by the presence of the gold. Analysis of the 
precipitate beyond E shows it to be richer in cadmium than the 
formula AuCd requires. See Table XI, Sect. VIDE (p. 9o2). 

The second flat, QR, in the curves of Type III also receives a general 

explanation, for, the equation of equilibrium being still xy = ats*, 
we have here x and z constant, for the liquid is saturated with gold 
and with the compound. It follows that y must also remain constant, 
even though cadmium be added, that is to say, all the cadmium 
added is here appropriated by the excess of gold to form more pre¬ 
cipitate. Thus the composition of the liquid part remains the same, 
and therefore the freezing point is constant. 

We have not examined the part near R minutely enough to be 
certain that there is an angle at R like that at B, but it is certain 
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tliat there is a very abrupt change of curvature here. After R, the 
explanation of Type III does not differ from that given for Type II, 
as from that point the liquid is no longer saturated with gold. 

The slope from P to Q in the Type III curves corresponds to the part 
AB in the Type II curves, and is in a general sense intelligible, but 
the drop from P to Q is not nearly so great as the calculations from 
the rest of the curves seem to require: in fact, we have here a point 
where our hypotheses are seen to be imperfect. 

Exactly similar phenomena repeat themselves in the cnrves of 
Type II, when cadmium is the first metal added to the tin, and gold 
the second. But in this case the final flat DE occurs at the tempe¬ 
rature of the flat QR, and corresponds to the same state. 

In order to subject the above considerations to a numerical test, 
we have carefully re-examined the behaviour of pure gold and pure 
cadmium, when each of these metals is dissolved by itself in pure 
tin. 

We find that when gold is dissolved in tin its atomic fall is quite 
constant, and equal to 2*88 3 up to the concentration of 6*16 atoms of 
gold per 100 atoms of tin. This is the composition of the eutectic 
alloy, and further addition of gold causes no further fall.** We have 
carried the addition of gold as far as 11 atoms without producing 
any change in the freezing point of the eutectic alloy. Thus a atoms 
of gold dissolved in 100 atoms of tin causes a fall of 2*8ba, so long as 
a is less than 6*16. In the case of cadmium, the atomic fall is less, 
even in very dilute solutions, and it decreases somewhat rapidly as 
the solution becomes stronger in cadmium. 

If we denote by f(y) the total fall in the freezing point of the tin 
caused by dissolving y atoms of cadmium in 100 atoms of tin, then 
up to y = 4 the experiments are well represented by the equation 

f(y) = 2*512/ - 0*06^. (3). 

At the point y = 4 there appears to be a slight change, as can be 
seen by plotting the falls, and the experimental numbers agree better 
with the equation 

/(//) = 9*08 + I*668(y - 4; - 0*01063(y - 4) 2 . (4). 

The following Table XII of experimental numbers will serve to 
verify these equations:— 

The following falls produced by gold in tin show that the effect 
of gold in lowering the freezing point in tin is strictly proportional 
to the amount of gold added. 

* We believe that not more than 6*16 atoms of gold can dissolve in 100 atoms 
of tin at the temperature of solidification, in other words, the eutectic alloy is 
a saturated solution of gold in tin. 
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T\BLE XII. 


Atoms of An 
per ICO atoms , 

Total fall in degrees 
centigrade caused 

Atomic 

faHs. 

of s n. 1 

by the Au. 

0 249 

0-755 

3 02 

0 4164 

1*20 

2*88 

0 57 

1 63 

2*85 

1-491 

4-27 

2*86 

2 809 

8 01 

2*85 

3-5G1 

10*31 

2*89 

3*976 

11*47 

2*88 

5*U0 

14*43 

2*88 

5 17 

15 04 

2*91 


Table XIII.— Table of the Fall in Freezing Foint caused by adding Pia e 
Cadmium to Pure Tin . 


Atoms of Cd 
per 100 atoms 
ol Bn. 

Total fall m degrees 
centigrade caused 
by the Cd. 

Atomic 

falls. 

0-0607 

0-152 

2*5 

0*153 

0*382 

2*5 

0*946 

2*31 

2*44 

0*998 

2*42 

2*44 

1-bll 

4-29 

2*37 

2*017 

4*80 

2*38 

2-878 

6*76 

2*348 

4*000 

9*10 

2*28 

4 000 

9*06 

2*265 

4 021 

9 05 

2*25 

4*767 

10*32 

2*165 

5*165 

10*98 

2*116 

5*693 

11*85 

2*085 

6*143 

12*57 

2*046 

6*397 

12*97 

2*028 

8*193 

15 *89 

1*94 

9 423 

17*85 

1-894 

10 152 

18 91 

1-862 

13*100 

23*44 

1-789 


The change of character in f(y) after y = 4 is not due to a change 
of thermometers or to different samples of cadmium being used. 

In the calculations which follow, we hare, where it was possible, 
extracted /(y) from a large-scale curve in preference to using 
equations (3) and (4). 

We can now test the truth of the equations of equilibrium (1) and 












OF TRIPLE ALLOTS OF GOLD, CADMIUM* AND TIN. 959 


(2). First assume n = 1, or that the molecule of the compound in 
solution is AuCd. 

Consider tlie part between A and B. If we suppose tbat the free 
gold and free cadmium each exert the same effect as if the other 
metal were not there* and that the compound causes the normal 
molecular fall M, then D being the total fall observed and F(as) the 
fall caused by x atoms of free gold, we must have 

F<V) + f(y) + M- = D. (5). 


Using the fact that x == a — r, y = c — z. we may write the above as 

F(u - z) + f(c - z) + Mr = D. 

• Now F(a— z) is very nearly 2*88(a — z), but as F(a) can often be 
obtained by direct observation in the experiment itself, we will re¬ 
place F(u — z) by F(a) — 2'88z. 

If we also expand f(c - ;), we get the following quadratic for z :— 
-[/'(c) + 2*88 - M> = D - F (a) -/(c) .... (6). 


In this equation,/(c) and /''(c) are the first and second differential 
coefficients of /(c) and can be got at once from equation (3) or (4). 

"We must also assume some value for M. In a previous paper, the 
value of M deduced by the theory of osmotic pressure from Person’s 
value of the latent heat of tin and other constants came out 3°. 
But our numerous experiments on tin as a solvent lead to the con¬ 
clusion that this number is a little too great; we have therefore in 
what follows taken M = 2*88. 

Equation (6) is thus by means of equation (3) reduced to the 
form 


z 3 + (41*83 - 2c> = 


m + J(q) - P 

0-06 


(7). 


f c were much greater than 4, we ought to use the other form 
derived from equation (4), namely: 

+ (164-92 - 2o)g = /(c) +S& ~ P . (8). 

In these equations, the three quantities in the numerator of the 
fraction on 1116 right are experimental numbers. In a series of 
experiments in which gold was the first metal added, Ffa) is the 
total fall caused by the gold, /(c) is taken from a curve plotted from 
the table of cadmium falls, and D is the total observed fall caused 
by the mixture of cadmium and gold. There is but little error if we 
neglect z 2 in these equations, and Table XIV (p. 961) can be quickly 
verified by thus treating (7) as a simple equation. 

VOL. lix. 3 v 
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The following table, XIV (next page), gives the values of z, x y 
and * = oryjz for points between A and B on the different curves. 
It was drawn up by solving equation (7) as a quadratic. 

It is evident from this table that for very different concentrations, 
from 0*5 to 5 atoms of gold and 0 5 to 4 atoms of cadmium, the value 
of jc does not vary much from the mean value of 8 8, while z in¬ 
creases to a somewhat uncertain maximum at the point B. 

It must be remembered in judging of the constancy of * that the 
value of z is very nearly proportional to the experimental number 
F(a) -f- /(e) — D, and that this, which depends on three experiments 
made at different times, is a small difference of temperature ranging 
from 0 3° to 1 6°. Thus small eiTors of observation cause a large 


percentage error in z and a larger one in a., 


which is 

z 


In fact the constant k is very sensitive to experimental errors 
and such errors would account for larger fluctuations of k than are 
seen in the table. 

There are, however, other causes of variatiou at work, for with 
much gold n. has high values and with much cadmium low values. 
At the point a = 1, c = 7 of a series of experiments in which 
7 atoms of cadmium were added and then gold, the value of * 
calculated as in the table is * = 4*3, and other points in this 
7-atom cadmium curve give values of jc which are much too low. 
Here the large amount of cadmium has altered the conditions so that 
the free gold in the liquid does not produce quite its usual fall. 

The theory of osmotic pressure, in fact, warns us that this must 
occur, for the presence of the cadmium lowers the osmotic pressure 
exerted by the gold in two ways, by lowering the freezing temper¬ 
ature, and, also, probably by increasing the volume of the alloy. 

The gold, for an unknown reason, perhaps because it appropriates 
tin and so decreases the amount of the solvent, has an opposite effect. 
It maintains its own effect undiminished right up to saturation and 
it probably increases the effect of any other metal which is in the 
same solution but not combined with it. 

It might be possible to apply corrections for these disturbing 
causes, but for the present we propose to consider only those 
moderately dilute solutions where they do not have much effect. 

Th@ Port BOB of the Curves* —After the angle B we must suppose 
that the tin has become saturated with the compound, the amount z Bf 
which was formed at B, alone remaining in solution, however much 
may be formed. 

The resulting equation of equilibrium xy/z B = *, or xy = const., 
explains a very marked feature in the curves, namely, that a maxi- 
nm,®, freezing point, that is, a fnininiuvi /aZZ, occurs when the number 
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of atoms of gold and of cadmium in the block is equal. It does not 
matter whether we start a series with. 4, 5, 6*6, or 9 atoms of gold, 
or with 4 atoms of cadminm, we always reach the snmmit C at a 
constant temperature when the number of atoms of the second metal 
added equals that of the first. The explanation on the hypothesis of 
the formation of the body Au n Cd« is obTious. A minimum fall means 
a minimum number of molecules in solution. So that at C, x -f y 
must be minimum with the condition xy = const. 

It is well known that under this condition the minimum is reached 
when x = y, and as a — as = c — a it follows that c = a.\ 

This agreement of experiment with the theory seems a strong con¬ 
firmation of the latter. 

We can apply a numerical test to the equation ayja B == as before. 

The equation to obtain z is now 

F(a - *) + f(c - s) + 2 8 & b = D . (9). 

This can be reduced to a quadratic, as before. 

If c — s is less than 4, we use equation (3), and so obtain 


5* + (89 83 — 2 c)s = 


F(a) + f(c ) + 2*88s b - D 
0*06 


( 10 ). 


z B is somewhat uncertain, but from Table XIY it seems to be not 
far from the value 0*6. We shall use this value. 

Where the gold is added first, and the tin is not saturated, we have 
used the value of F(a), obtained from the particular experiment 
under discussion, hut when gold is the second metal, or, as in the 
6*6- or 9-atom gold curves, we have been obliged to use F(<z) = 
2 88a. If o was less than 4. f(c ) was taken from a large-scale curve, 
but in the case where c was greater than 4, whilst c — a was less than 
4, /(c) was taken from equation (3). In the numerous cases where 
c — z turned out to he greater than 4, we used equation (4) to reduce 
equation (9), thus getting, instead of (10), the equation 


* + (435*84 - 2c)s = 


F(a) + /(c) + *8& B - D 
0*01063 


.. ( 11 ). 


Iu the following table, XV, the first column indicates which of 
equations (10) or (11) has been used. 

The table shows that, with one or two exceptions, where the con¬ 
centrations are extreme, * does not differ much from a mean value 
of 9. 

The value of x aud y at the summit C is very constant - x = v = 
2*3L " * 




Equations (10) and (11). 
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Hence we see why the 2-atom gold curve cannot have a summit, 
for * = 2-3 implies a = 2 9. The 3-atom gold curve is just on the 
border-line between Type I and Type II. 

k Deduced from Analyses . 

Table XI (pp. 951, 952) contains the analyses of the liquid alloy at 
four points on the part BCD of the curves; and these analyses can be 
used to calculate z, y, z, and jc, instead of employing the freezing point 
determinations. In Table XVI, Columns 1 and 2 contain the original 
composition of the mixture in the block, expressed as usual in terms 
of a and c. Column 3 cont ains the mean of two or more analyses, 
in each case, of the liquid alloy. Column 4 contains the number of 
atomic weights of gold and cadmium per 100 atomic weights of 
tin, calculated from Column 3. Column 5 contains the values of 
x and y, obtained by subtracting 0*6 from each of the numbers in 
Column 4. In column 6 is given *c or xy/0'6. As by the theory 
z=z a — s = e — y, we have tabulated under z the values of these 
two quantities as deduced from the analyses: they ought of course to 
be equal. 


Tablb XVI .—Table of k deduced from Analysis . 


1 

1 

1 

1 2 

3 

! 

4 

a. 

c. 

Sn. 


1 0<L 

An. 

Cd. 


. 7-0 

91-76 

I 

3*52 | 

4-73 

2*3 

5*42 

5-0 

5-05 

92*52 

5-03 I 

[ 2*45 

3*25 

2*79 

13-98 

1 9‘23 

89*8 

8-7 ! 

1 1*49 

5-8 

1*75 

11 0 

; 

8-78 

i 

92*2 

5-78 

l 2*08 

1 ; 

8-75 

2*38 


5 

6 

z. 


if- 

1 

a — j:. 

c - y. 

1-7 

4*82 

13-6 

2*3 

2*18 

2*65 

2-19 

9*7 1 

2*35 

2*86 

6*2 

1-15 

10*0 

8-8 

8 0 

3’16 

1-78 

9-4 

7-85 

7*0 


It can be seen from the table that the results of the analyses are 
quite consistent with the equation of equilibrium, although they 
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afford results inferior in accuracy to the freezing point determina¬ 
tions. 

The preceding results appear to us to prove that the gold and 
cadmium combine in the ratio An : Gd; but the proof that the 
molecule of the compound, when in solution, is AuCd, and not 
Au 2 Cd 2 , or Au 3 Cd 3 , &c., is much weaker. The resnlts of the analyses, 
and the common temperature at the summit C, of course, throw na 
light on this point. 

We might hope to solve it if the body were more soluble, by cal¬ 
culating tables of * for other values of n, and the examination of 
the part AB, by means of the formula Au 2 Cd 2 , does throw the only 
light we have on the matter. If we assume Au 2 Cd 2 , the equation of 
equilibrium for the part AB is xyl </z = *, a constant, and the equa¬ 
tion to get z is 


2 s + (32*917 - c)z - 


V(a) + f(r) - D 
0 24 


The resulting values of k are tabulated in the extreme right-hand 
column of Table XIV (p. 961). It will be seen that the numbers in 
the column are not at all constant, but vary from 5 to 15. If we keep 
the gold constant, *. increases pari passu with the amount of cadmium 
added. 

Thus the formula Au 2 Cd 2 does not, for the part AB, agree with the 
experimental facts. The formula Au 3 Cd 3 also fails to give a con¬ 
stant ir. 

When we consider the part BOD, we find tc equally constant, 
whether we use the formula AuCd or Au 2 Cd 2 ; and this clearly should 
be the case, for in this part of the curves the bulk of the compound 
is out of solution, and so its molecular weight becomes of less import¬ 
ance. The equation of equilibrium, xy = constant, is of the same 
form, whatever value of n we take. 

Thus, the only part of the curve that can help us to decide the 
molecular weight of the compound is the part AB, and the values of 
k deduced from this, point pretty clearly to the molecular formula 
AuCd. 


Description of the Flates . 

The plates (see next page) represent the fall below the freezing 
point of pure tin of an alloy of gold and cadmium. 

The number of atomic weights of foreign metals present per 100 
atomic weights of tin is indicated by the numbers counted from left 
to right. The observed fall in the freezing point in degrees centi¬ 
grade is indicated by the numbers counted vertically downwards 
from. 0. 
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Down to the point A, only one metal (gold in every case hut one) 
was added to the tin. The part beyond A corresponds to the addition 
of the second metal. 

In Plate 1 we have carves of Type I, which may be called the 
2- and the S-atom gold corves. In Plate 2 we have Type II, the 4- and 
5-atom gold corves, and the 4-atom cadmiom cnrve. This latter is 
shifted five spaces to the right, to avoid confnsion. Plate 3 contains 
the saturated gold corves, in which 6*6, 9, and 11 atoms of gold, re¬ 
spectively, were first added. In the upper part of Plate 3 is seen 
the part PQ of the 11-atom gold cnrve which is due to the first 
additions of cadmium. This portion was examined with especial 
care. 

The curves here given are merely intended to serve as diagrams, 
but in order to calculate the tables of z and k the original numbers 
have been charted on the scale of two degrees or two atoms to a 
decimetre. Even on this large scale most of the experimental points 
lie on the curve. 

A 7-atom cadmium curve has been worked through, and has the 
same character as the 4-atom curve, but it is not given in the 
plates. 

In conclusion, we must express our best thanks to Miss Field, of 
Newnham College, for her able assistance in making a large number 
of freezing point determinations and analyses. 

We are also much indebted to Dr. G. H. Milnes for making several 
control analyses. 

Sidney College Laboratory , 

Cambridge . 


LXXXIIL —The Sidjphonic Derivatives of Camphor. 

By J. E. Marsh, M.A., Balliol College, and H. H. Cousins, B.A., 
Merton College, Oxford. 

The substitution derivatives of camphor do not at present lend them- 
to systematic classification or to prediction of the number of possible 
isomers. The preparation of any new derivative of camphor will, 
therefore, possess an interest of its own, apart from any question of 
the constitution of the compound. It will in all probability be neces¬ 
sary to prepare a large number of such compounds before we find our- 
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selves in a position to speculate with any confidence as to their atomic 
arrangements. 

We have been acquainted for some time with chloro-, bromo-, and 
nitro-derivatives of camphor, bnt not with any compounds in which 
hydrogen is replaced by the stdphonic group SOJEL The action of 
sulphuric acid on camphor did not yield either to Chautard (Compt. 
rend., 44, 66), to Schwanert (Annalen, 123, 298), or to Kachler 
(ibid., 164, 90) any sulphonic acid, nor did Cazeneuve (Compt. rend., 
110, 719) by the same reaction, or by that of sulphuric acid on 
the bromo- and chloro-camphors, observe any simple displacement of 
hydrogen by the sulphonic group, bnt rather compounds were formed 
which indicated a considerable and peculiar decomposition of the 
camphor nucleus. 

Camphor we know does not yield directly a nitro-camphor, whereas 
bromo- and chloro-camphor, when treated with nitric acid, do give 
nitro-derivatives. Thus it seemed not improbable that, though cam¬ 
phor itself might be incapable of giving directly a sulphonic deriva¬ 
tive, we should yet be able to obtain the corresponding compounds 
from the haloid camphors. This we have in fact been able to do by 
employing chlorosnlphonic acid, CISO3H, dissolved in*chloroform for 
the sulphonation, instead of sulphuric acid. Camphor itself yields 
no sulphonic acid by this treatment. We have continued the work 
begun by one of us (Trans., 1890, 57, 828), and have prepared a 
number of derivatives of the sulphonic acids of the isomeric bromo- 
and chloro-camphors. These compounds we describe in the sub¬ 
sequent pages. At the same time, there are some remarks of a general 
character which we wish to make before entering into experimental 
detail. 

In the first place, as to rotatory power, the sulphonic compounds 
have been found to rotate the plane of polarised light, a property 
hitherto observed in very few sulphur compounds, and not at all in 
any sulphonic acid. This optical activity affords an instance of the 
remarkably stable nature of the asymmetric carbon atom or atoms in 
the camphor nucleus, in striking contrast to their comparative in¬ 
stability in the case of other active substances. As another instance 
of this which has come under our observation, we have found that 
camphoric acid retains its optical activity unimpaired by the distilla¬ 
tion of its anhydride through a red-hot tube, whereby a considerable 
part of it is decomposed; the recovered camphoric acid has, if any¬ 
thing, a higher rotation after this treatment than it possessed before. 

Another point of interest is that the isomerism established between 
the respective chloro- and bromo-camphors, obtained by direct action 
of the halogen, is maintained in their sulphonic derivatives, and is 
characterised especially by the difference in rotatory power. This 
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difference corresponds with that between the bromo-camphors them¬ 
selves ; for example, the snlphonic compounds of the a-bromocamphor 
of sp. rot. +135° show a greater activity than those of the /J-bromo- 
camphor of sp. rot. +30°. 

Many of the snlphonic compounds are uncrystallisable, and, being 
also non-volatile, are difficult to purify. Some of the salts, however, 
crystallise well, and they have been studied in particular from two 
points of view, both as to their capability or not of crystallising, and 
as to their rotatory power. In neither case, however, could any 
general conclusion be drawn. It appeared at one time that the salts 
of metals of low atomic weight crystallised, whilst those of metals of 
high atomic weight did not, but from the impossibility of obtaining 
a crystalline lithium salt this view had to be abandoned. The rotatory 
power of these salts, as well as the salts of active acids generally, in¬ 
volves us in the vexed question of the nature of solution. If salts 
in dilute solution are completely dissociated into their ions, then 
the salts of an active acid should all have the same rotatory power, 
which would also be that of the acid itself, since the optically 
active ion would in every case be the same. Experiments are being 
continued in this laboratory to investigate this point farther. So far, 
our own experiments, as well as those of Landolt on the tartrates, do 
not appear to support the dissociation theory, Landolt, in fact, 
obtained specific rotation values for the tartrates, of very various 
concentrations, it is true, lying between 20*64°, the value for sodium 
arsenyl tartrate, and 142*76°, the value for tartar emetic. 

As to the chemical properties of the c&mphorsulphonic acids, 
fusion with potash of the a-bromo-acid splits off the snlphonic gronp 
which appears as sulphite, but nothing could be made of the com¬ 
pound or compounds formed; a profound decomposition appeared to 
have taken place. Nitric acid brings about a displacement of the 
snlphonic group, with production, in the case of the a-bromo-acid, of 
the ordinary nitrobromocamphor. In the* case of the £-bromo-acid 7 
a new isomeric nitrobromocamphor appeared to be formed, but it 
was not obtained sufficiently pure to merit a detailed description. 
Bromine-water produces a slight precipitation in a solution of the 
a-hromosulphonic acid in the cold, but we are unable at present to 
show whether or not the snlphonic group is replaceable by bromine. 

Preparation of the Bromocamphors . 

Camphor was brominated in alcoholic solution by the method 
already described (Trans., 1890, 57, 828), and the two isomeric bromo- 
caa nph ors separated by fractional crystallisation from light petroleum. 
In the later experiments, the volatile products of the bromination 
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- were led, by means of a benfe tube, into a vessel containing water. 
A volatile oil was thus collected as a heavy layer beneath the hydro- 
bromic acid, and was found to be pure ethyl bromide. Ethyl brom¬ 
ide may be obtained in considerable quantity in this way as a bye- 
product. 

By recry stalli«ing the crude ^3-bromocamphor four times (an opera¬ 
tion extending over many weeks ) a product was obtained which gave 
for 2*1243 grams in 25 c.c. a value corresponding to 

= +29*4°. 

The value previously found for the rotation of the ^-isomer was 
+34*9°. 

This lower value is, therefore, more nearly the true rotation value 
for the new isomer, as any impurity, such as unaltered camphor or 
a-bromocamphor, would tend to increase the value observed. 

The yield of pure a-bromocamphor obtained was about 50 per cent, 
of the theoretical; besides this, 20 per cent, of isobromocamphor 
was obtained and 20 per cent, of a mixture of the two isomerides. 

A small amount of an oil, which solidifies in a freezing mixture, 
was also obtained, but the attempts to purify it were not successful. 
The probability Is that it is a liquid dibromocamphor containing 
/i-monobromocamphor. This oil reacts very violently with strong 
nitric acid in the cold, and, on distilling the product in steam, a 
yellow, semi-solid substance passes over, which, on analysis, proved 
to be dmitrodibromocamphor, a compound hitherto unknown. 

Bromine Determination by Garins 9 Method . 

I. 0*2360 gram substance gave 0*2142 AgBr and 0*0023 Ag. 

II. 0*2400 gram of another specimen gave 0*2163 AgBr. 

Found. 

Theory. I. II. 

Br.. 40*00 per cent. 39*34 40*8 per cent. 

N Determination. 

0*9460 gram substance gave 54*5 c.c. of moist at 13° and 
767 mm. b. p. 

Theory for 

C 10 H 12 BrP(HO 3 ) 2 . Found. 

23T........ 7*00 per cent. 6*77 per cent. 

The two specimens of bromocamphor used in subsequent experi¬ 
ments had the following melting points and rotatory power:— 

M. p. Md- 

76° +132*0° 

61 + 29*4 


^-Bromocamphor 
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The a-compound was colourless and crystalline, and of a hard and 
brittle texture, whilst the ^-compound was soft, yellowish, and of a 
camphorous consistency. 


Suljjhonation of Bromoeamphor. 

In the following experiments it was found that on treating 1 mol. of 
bromoeamphor with 1 mol. of chlorosulphonic acid, only about 40 per 
cent, of the camphor was sulphonated:— 

CiJStfBrO + C1S0 3 E = HG1 + C 10 H 14 BrO-SO 3 H. 

This equation, however, merely expresses the preliminary reaction, 
for the free sulphonic acid reacts with the excess of chlorosulphonic 
acid to produce the acid chloride and sulphuric acid, thus:— 

C 10 HuBrO-SO 3 H + C1S0 3 H = C 10 H u BrO*SO 2 01 + H 2 S0 4 . 

By employing two equivalents of chlorosulphonic acid, the yield 
was more than doubled, and in one experiment as much as 95 per 
cent, of the theoretical amount of the barium salt of the a-bromo- 
sulphonic acid was obtained. 

In the first experiments, a weighed quantity of bromoeamphor, 
which had been dried for several days over sulphuric add, was dis¬ 
solved in the least amount of chloroform, previously freed from 
alcohol, and the chlorosulphonic acid added. The product always 
appeared rather charred and difficult to decolorise, but by using a 
much larger quantity of chloroform, preferably twice the weight 
of the bromoeamphor taken, a much cleaner product was obtained, 
though the gross yield of sulphonate weighed as barium salt was 
not qnite so great as when the more concentrated solutions were 
employed. The following is the description of a recent experiment:— 

82 grams of pure, dry a-bromocamphor were placed in a round 
flask of 500 c.c. capacity, and 164 grams of chloroform, specially 
purified and dried, were added, when the bromoeamphor was quickly 
dissolved. To ensure complete absence of moisture, the solution was 
shaken up with finely powdered calcium chloride, left for 24 hours, 
filtered, and the clear liquid put into a round flask fitted with 
a reflnx condenser. The whole apparatus was placed on a water- 
bath in the draught chamber, although no heat was applied nntil it was 
required to hasten the reaction, and 82 grams of recently prepared 
chlorosulphonic acid was introduced by a tap funnel down the con¬ 
denser. The liquid in the flask became perceptibly warm, although 
the action was not by any means violent. 

A calcium chloride drying tube was now fitted to the top of the 



THE SULPHONIC DERIVATIVES OP CAMPHOR. 


971 


condenser, and the flask gently heated on a water-bath, when a lively 
reaction set in, and torrents of hydrogen chloride were evolved. This 
evolution of hydrogen chloride ceased after 9 hours heating, but to 
ensure the completion of the reaction the heating was continued for 12 
hours longer, at the end of which time the liquid had separated into 
two layers. 

The whole mass was then poured into cold water, whereby an upper 
stratum of brownish-yellow solution and a heavy black oil were 
obtained. The latter was drawn ofE and dried with calcium chloride, 
and the chloroform evaporated, when the residue was found to be 
nearly all a-bromocamphors alphonic chloride, together with an in¬ 
significant amount of unaltered bromocamphor. 

The upper, aqueous solution took 115 grams of barium carbonate 
for complete neutralisation, and after Altering from the barium sulph¬ 
ate gave a brownish-yellow solution, which was evaporated to the 
consistency of a dense syrup on the water-bath; on treating this with 
methylated spirit, a small residue of barium carbonate and chloride 
was left undissolved, and the filtrate, on concentration, left a brown 
and dense syrup which we were unable to obtain crystalline. It was, 
therefore, dried at 115° in an air-bath, and after rapidly pulverising in 
a mortar, was quickly transferred to a stoppered bottle and employed 
as raw material for the preparation of the other derivatives of the 
o-bromocaxnphorsnlphonic acid. 

The extremely deliquescent nature of the salt renders it rather 
troublesome to deal with, but it is stable as compared with the 
potassium and lithium salts, which deliquesce so eagerly (when 
anhydrous) that when left in the open air they become liquid or 
pasty in less than a minute. The highly deliquescent nature of the 
lithium salt rendered it necessary to dehydrate it in a tube drawn out 
to a capillary point, which was sealed as soon as the salt was dry. 

a-Brojnocamphorsulphonic Acid and its Salts . 

a-BromocamphorsuLphonic Acid , OujHwBrO-SOsH. —To prepare the 
acid, 10 grams of the barium salt (see below) were dissolved in 
water, and dilute sulphuric acid run in until all the barium was 
precipitated. The filtrate was evaporated on the water-bath, ex¬ 
tracted with absolute alcohol, and the alcoholic solution again 
evaporated. In this way a black, tarry mass was obtained which 
solidified on standing over sulphuric acid in a vacuum. It was 
soluble with great ease in water, producing a strongly acid liquid 
which evolved hydrogen when heated with zinc or magnesium. 

Bariwn Salt 9 (CioHuBr®* SO^) 2 Ba.—This barium salt is soluble in 
water, and also in alcohol, but much more readily in the former. It 
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is practically insoluble in ether, benzene, chloroform, and carbon 
bisulphide. 

The analysis gave the following results :— 

I. 0*4078 gram substance gave 0*1258 gram BaS0 4 . 

II. 0*4858 „ „ 0*1514 

HI. 0*2880 gram was oxidised to 0*1718 „ 


Found. 



i. 

II. 

III. 

Theory. 

Ba ..... 

... 18-13 

18-32 

— 

18-09 

S. 

... — 

— 

8-19 

8-45 


The aqueous solution of the salt was so dense that trustworthy 
values for the rotatory power were not obtainable. It was, however 
distinctly dextrorotatory. 

The potassium salt, CioH u Br0*S0 3 K, is highly deliquescent, and 
readily becomes liquid in the open air. 

A hot, alcoholic solution of the anhydrous salt on one occasion 
deposited a small crop of microscopic crystals on cooling; a few 
minutes exposure to the air, however, caused them to deliquesce, and 
to dissolve again in the mother liquor, showing the intense affinity of 
the anhydrous salt for water. The potassium salt was used for 
making the sulphonic chloride, and will be referred to again under 
that head. 

The Sodium Salt , CiaHiJBrO'SOiNa.—This was prepared from 
the barium salt by dissolving 10 grams of it in hot water, and adding 
a solution of sodium carbonate as long as a precipitate of barium 
carbonate appeared. The solution was then concentrated by 
evaporation, and, on cooling, solidified to a crystalline mass. This 
was recrystallised from a very little boiling water, filtered, and dried 
on a porous tile. It was of a silky texture, and almost colourless. It 
melted to a colourless liquid at 52°. 

Sotation of Sodium Salt in Aqueous Solution . 

1*0762 gr ams in 25 c.c. at 15° gave for 20-decimetre tube a .= 
+ 6 * 0 °; 

[a] D = + 76*4° * 

Analyses of Sodium Salt. 

I. 0*3442 gram substance lost 0*0602 gram water at 100°. 

0-3443 „ „ 0-0729 „ „ 135" 

IL 0-2812 „ „ 0 0589 „ „ 135°. 

• As the salt contained 5 mols. HjO, [«]“ is referred to the anhydrous salt. 
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Found. 


T. II. Theory. 

4HoO. 17-48 — 17-77 

5H 2 0. 21-17 20 94 21*04 

III. 0*3442 gram substance gave 0*0527 gram Na 2 S0 4 . 
IY. 0*2812 „ „ 0*0465 

Found. 

f -*-\ 

m. IV. Theory. 

Na. 4*96* 5*35 5*43 


The ammonium salt , C 10 HHO-SO 3 KHi, was prepared as follows:— 
10 grams of the barium salt were dissolved in hot water, and 
3 grams of ammonium sulphate added. After filtering off the barium 
sulphate, the solution was evaporated on the water-bath and extracted 
with alcohol, which left a small quantity of ammonium sulphate un¬ 
dissolved. On evaporating the alcoholic solution, a semi-crystalline 
mass was obtained; this was dissolved in a few drops of hot water, 
and on cooling it became semi-solid. The white, silky needles were 
collected and recrystallised. On heating to 270°, the substance 
darkened, and melted with an almost explosive decomposition. 

Rotation Determination . 

1-1426 grams salt were dissolved in 25 c.c. of water. 

I = 10; a = +4° 0"; /. [a] D = +87°. 

Sulphur Determination, Garins' Method . 

I. 0*2112 gram substance gave 0*15045 gram BaSO*. 


n. 0-3171 

„ 0-2214 

Found. 



--*-\ 

i. n. 

Theory. 

Sulphur. 

. 9*78 9*89 

9-75 


Magnesium Salt .—This was first prepared by dissolving metallic 
magnesium in a dilute solution of the free sulphonio acid in water; 
hydrogen was thus freely given off, especially on warming. To 
ensure complete saturation of the acid, the solution was boiled with 
a little magnesia until quite neutral to litmus, and then filtered and 
evaporated. An almost colourless, crystalline product was thus 
obtained, which dried up over sulphuric acid to a crisp, dry powder. 

* Slight loss by spirting. 
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Rotation Determination . 

T = 14°, Solvent HoO, l = 10, C = 1*1896 in 25 c.c., a = 1° 20"; 
.*. [*]* = +27° 9. 

Tlie zinc salt is more deliquescent and less crystalline than the 
corresponding magnesium salt. 

a-BromocamphorsnIphonic Chloride , C 10 H u OBr , SO 2 Cl. 

To prepare this, 20 grams of the dried potassium salt were mixed 
with the calculated weight of phosphorus pentaehloride in a porcelain 
mortar, when an energetic reaction took place, and the mixture soon 
became liquid. After about five minutes, when the action appeared 
over, the brownish, viscid liquid was poured into a considerable 
volume of water; oily flakes were then thrown down which rapidly 
solidified. These were collected, dried as far as possible, and dis¬ 
solved in chloroform; after drying the chloroform solution with 
powdered calcium chloride, it was evaporated on the water-bath, when 
it left a black, viscid oil. This smelt and tasted like an acid chloride, 
and, on standing over sulphuric acid in a vacuum, solidified to a black 
semicrystalline solid. 


Analysis by Garins’ Method. 

0*3577 gram substance gave 0*4344 gram of mixed AgCl and 
AgBr. 

Found. Calculated. 


Cl. 10*70 10*77 

Br.. 24*11 24*27 


This sulphonic chloride is remarkably stable towards water, and is 
not completely converted into acid, even after prolonged boiling with 
it. Dilute soda solution, however, rapidly decomposes it. 

The action of strong aqueous ammonia on the sulphonic chloride 
produces a mixture of amide and ammonium salt; the latter being 
soluble in water is easily separable from the amide, which remains as 
a brown, viscid oil. 

The chloride dissolves in alcoholic ammonia with a brown colora¬ 
tion and considerable production of heat. On evaporation, a sticky, 
brown tar is left, which eventually crystallises if left for two or three 
months. 

Aniline reacts powerfully with the sulphonic chloride with pro¬ 
duction of an anilide. Like the amide, this is extremely difficult to 
purify, and has not yet been obtained definitely crystallised. 
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SuJphonation of frBromocamjphor. 

As Bulphonation in a concentrated chloroform solution produced a 
considerable darkening in colour, and might be expected to effect a 
more or less extended conversion of the derivative into the corre¬ 
sponding a-mndification, the operation was finally carried ont in a 
fairly dilate solution. To compare and contrast the two isomers, 
equal quantities of a- and /9-bromocamphor were similarly sulphon- 
ated under identical conditions. 

In a comparative experiment, 82 grams of the respective bromo- 
camphors, 164 grams of chloroform, and 82 grams of chlorosulphonic 
acid were employed, the chloroform solution being carefully de¬ 
hydrated by powdered calcium chloride. A marked difference was 
noticed in the two reactions. The /9-compound from the first 
reacted with a perceptible development of heat, and free evolution of 
hydrogen chloride; whilst the product of the sulphonation of the 
a derivative became black, that of the /9-compound remained of a 
light-reddish tinge. The a-prcdnct required 115 grams of barium 
carbonate for complete neutralisation, whilst the /9- took only 
105 grams. About the same quantity of pure barium salt was ob¬ 
tained in each case, namely, 76 grams, the chloroform solution con¬ 
taining sulphonic chloride with a trace of the unaltered bromo- 
camphor. 

Barium /9- Bromocamp h orsulp h onate, ( CiJEtuOBrSOa^Ba. — The 
barium salt was obtained as a thick, brown syrup on evaporating its 
aqueous solution on the water-bath, and required heating to a tem¬ 
perature of 125° to drive off the excess of water; a crisp, powdery 
solid was thus obtained having a great affinity for moisture. An 
analysis gave the following result:— 

0*3450 gram substance gave 0*1067 gram BaSO*. 

Found. Theory. 

Ba. 1810 18*09 

Sodium f$-Bromocamphor$ulph.onate , CioHuOBrSOaNa. —5 grams 
of the barium salt were dissolved in water, and a solution of sodium 
sulphate added as long as a precipitate was formed. The filtrate 
was evaporated to a thick syrup on the water-bath, extracted with 
alcohol, filtered, and again evaporated down until fairly concentrated. 
The a-salt, under similar conditions, crystallised in silky, white 
needles. The /9-salt absolutely refused to crystallise even when 
placed in a vacuum over sulphuric acid for a week. Under these 
circumstances, however, it solidified to a transparent, deliquescent 
jnass, which, on heating at 120°, gave off water, and was obtained in 

VOL. lix, 3 x 
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the anhydrous condition. It is of interest to note that, whilst the 
/5-salt retains its 2 mols. of water of crystallisation at 100°, the a-salt 
Inses 4 mols. H 3 0 at this temperature, and retains one only. 

Rotation in Aqueous Solution 14°. 

0*8555 gram anhydrous salt in 25 c.c. 

I = 20, a = + 0*50"; [a] D = + 12*2°. 
a-Salt, [a]x> = 4* 76*4, 


Analyses of the ft-Sodium Salt . 

I. 0*5896 gram of the salt, dried at 100° and a vacuum over sulph¬ 
uric acid, lost 0*0480 gram E 2 0 at 125°. 


Pound. 

8*1 


Theory. 

9*0 


II. 0*5416 gram of the anhydrous salt gave 0*1152 gram of 
Ka*SO*. 

Pound. Theory. 

Na. 6*89 6*81 

Ammonium Salt —This was prepared in the same way as the a-salt 
previously described. The first crystalline product, on twice recrys¬ 
tallising gave an almost colourless, silky product, which was exactly 
similar to the a-salt in appearance. 

The rotation in a 20-dec. tube for an aqueous solution was found to 
Lea = 7° 40". 

•*. [a] D = + 82°; the a-salt gave [a^ = -|- 87°. 

Estimation of Sulphur by Garins 9 Method. 

0*3171 gram substance gave 0*2324 gram BaSOj. 

Pound. Theory. 

S. 10*06 9*75 

From the rotation values, this salt appears to be practically identical 
with the a-salt. 

The potassium salt of the yS-acid was also prepared, but, owing to 
its deliquescent nature, was not fully examined. 

Preparation of Chlorocamphor, 

The two isomeric chlorocamphors of P. Cazeneuve ( Oompt . rend., 
95,1358) were obtained by his method of chlorinating camphor in 
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alcoholic solution. His process may, however, be improved by dis¬ 
tilling the product under diminished pressure before proceeding to 
separate the two isomers. In this way, the unaltered camphor was 
removed by heating the mixture at 130° under a pressure of 5 mm. 
for an hour, when 40 grams of unaltered camphor was recovered. 
The rest boiled at 135°, and nearly the whole distilled over between 
135° and 140°. This fraction was then treated with spirit and 
fractionally crystallised in the same way as in the case of the corre¬ 
sponding bromo-derivatives. 

The isomeric clilorocamphors are in every way analogous to the 
bromo-compounds, and two fairly pure specimens of the a- and /3- 
isomers were ultimately obtained and employed in these researches. 

An oil (as in the case of the bromo-derivatives) was also obtained; 
it is probably a crude di-substituted chlorocamphor containing some 
/J-chlorocamphor in solution. 


Sulphonation of a- and fi-Ohlorocampkor . 


The sulphonation was carried out in exactly the same way as In 
the case of the bromo-compounds, and the crude barium salts were 
identical in appearance and properties. 

The barium salt of the a-sulphonic acid, when treated with the 
calculated quantity of potassium carbonate, gave a syrupy product 
which was dehydrated at 120°. 25 grams of a-chlorocamphor gave 
46 grams of the anhydrous potassium salt, which is equivalent to a 
yield of 90 per cent. 

On analysis, the potassium salt gave the following results :— 


I. 0*3240 gram substance gave 0*0886 gram E*SO. 

II. 0*1820 gram substance gave 0*0858 gram AgCl by Carina* 
method. 


Found. Theory. 


K. 12*24 12*70 

Cl. 11*64 11*65 


Ammonium a-Chlorocamphorsuljphonate .—10 grams of the barium 
salt were treated with ammonium sulphate as previously described. 
A crop of delicate, moss-like aggregations of crystals was ultimately 
obtained which blackened and decomposed at 200°. 


I. 0*2112 gram substance gave 0*1367 gram AgCl by Carina’ 
method. 


Cl 


Found. Theory. 

16*00 16*04 


This agrees with the formula CwHuClO’SOaNHt, 
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a-GJilorocampliorsulplionic Chloride, Ci 0 H u OCl’S0 2 C1. 

The acid chloride was obtained by the action of phosphorus penta- 
chloride on the anhydrous potassium salt. It was extracted with 
chloroform, and this solution when evaporated in a vacuum left a 
blacky tarry residue which eventually solidified to a microcrystalline, 
black solid. 

0*2096 gram substance gave 0*25565 gram AgCl. 

Found. Theory. 

01. 24*52 24*91 

It reacted with aniline, ammonia, alcoholic ammonia, ammonium 
carbonate (solid), and piperidine similarly to the chloride of 
a-bromocamphorsulphonic acid. 

The piperidine derivative, on recrystallisation from alcohol, was 
obtained in delicate little needles of a reddish-brown tinge, bnt, 
owing to its great solubility, its purification was both difficult and 
tedious. 

The /J-cblorosulphonic derivatives are quite comparable with those 
of their /3-bromo-congeners; for example, the barium and potassium 
salts are extremely deliquescent* non-crystallisable substances. Again 
the ammonium salt of the a-chlorinated acid is easily crystallisable 
from alcohol or water, the corresponding ^-chloro-salt, however, like 
its analogue the jS-bromo-salt of ammonium, is deliquescent and non- 
crystalline; it may be kept over sulphuric acid in a vacuum for 
weeks without becoming solid and dry. 

JJnicerbity Laboratory , Oxford L 


LXXXIT.— Lhilyte and "Dyslyte . (A Correction .) 

By Henry Bassett. 

My attention has lately been called to two papers on enlyte, one by 
Ciamician and Zatti (Qaesetta, 1889, 19, 266), and the other by 
A. Angeli (Ber., 1891, 1306)* These authors have apparently not 
consulted the previous original papers on the subject, as the latter 
attributes my formulae for eulyte and dyslyte to Baup, who pub¬ 
lished no analyses, whilst Ciamician and Zatti, who confirm my 
formula for eulyte* have not succeeded in obtaining dyslyte. 

I was therefore induced to go carefully through the analyses and 
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notes of my old paper (this Journal, 1872, 25, 98), and, to my annoy¬ 
ance, discovered an error in the melting points, the corrections having 
been deducted from, instead of added to, the observed temperatures. 

The true melting points are, for eulyte 102*8°, and for dyslyte 
200*5°, instead of 99*5° and 189° respectively. 

In the course of the year 1872, I prepared a further quantity of 
these substances, with the intention of examining any basic deriva¬ 
tives by reduction; I did not, however, obtain anything but large 
quantities of ammonia and very unpromising, tarry products. My 
final yield of crystallised products was as follows :—eulyte 30 grams, 
and dyslyte 1*3 grams, and a certain quantity of the oily substance 
which is invariably produced at the same time. 

Remembering the difficulty I found in separating these substances, 
even when operating with what may be called somewhat large quan¬ 
tities, and observing that Ciamician and Zatti’s percentages of 
carbon are in every case higher than the calculated number, con¬ 
trary to what usually happens in carbon determinations; noting also 
the curious circumstance that the percentages of nitrogen and hydro¬ 
gen as found by me in the two substances happen to be very nearly 
alike, it occurred to me to calculate the percentage of carbon in a 
mixture of eulyte and dyslyte in the proportions mentioned above. 

This calculated percentage is 29*61, almost exactly Ciamician and 
Zatti’s mean, which is 29*59, and it is difficult to avoid the obvious 
inference that they really had to do with a similar mixture. 

I give below a comparative statement of the analyses of the two 
substances:— 


Eulyte. 

Theory. 

Exp. mean (C. & Z.). Exp. mean (H.B.). CgH^O;. 


C. 29*59 29 26 29*27 

H. 2*83 2*61 2*44* 

. 22*68 22*60 22*76 

Dyslyte . 

Theory. 

Exp. mean (H. B.). C s H 6 Y 4 0 6 . 

C... 37*80 37*80 

H. 2*50 2*36 

N. 21*97 22*05 


Having some citraconie acid still remaining from my former work, 
I have quite recently made some further experiments, resulting in a 

* In my original paper this number was erroneously given as 2*52 ; in the paper 
by Ciamician and Zatti, it is 2*46. The correct number is as stated above. 
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much better method of preparation of the two substances in ques¬ 
tion, and which seems to be of sufficient interest for publication. 
Instead of a*-ins: strong nitric acid. I dissolved the citraconic acid 
in its own weight of water, and then added 1J times its weight of 
nitric acid (the ordinary pure acid of 1*42 sp. gr.) in successive small 
portions; the mixture being heated on a water-bath in a flask with a 
long tube ground into the neck, as I found an appreciable loss 
occurred without this precaution. After a time, a gentle evolution of 
carbonic acid began, and continued the whole time (about two daysj, 
with only slight indications of nitrous fumes. 

Under these circumstances, it became obvious that eulyte and 
dvslyte are really products of the action of nitric acid on mesaconic 
acid, as after a certain point large quantities of this acid crystallised 
out on cooling, w hile beyond this point, that is, on further heating 
with more nitric acid, the mesaconic acid gradually diminished, and 
oily drops appeared, increasing more and more until finally no mesa- 
cunie acid separated on cooling. An experiment with crystallised 
mesaconic acid gave in fact a considerably greater yield of the oily 
product than that obtained from citraconic acid. 

I may here mention that itaconic acid is much more violently acted 
on by nitric acid, the solution becoming dark red, with evolution of 
lai-ge quantities of gas having the characteristic repulsive smell of a 
carb&mine. It gives no mesaconic acid, as is well known, and no 
eulyte. 

When the action came to an end, the oily globules remained flnid 
for a day or two, but, on agitation, a very minute quantity of crystal¬ 
line needles separated from the mother liquor, which on coming in 
contact with the oil caused it to solidify in a few minntes. The acid 
liquid was poured off and evaporated to a small bulk, when a strong 
action began, and lasted for some minutes, after which the addition 
of water caused the separation of a little more oil. 

I must not omit to mention that the acid liquid contains a consider¬ 
able amount of acetic acid, besides a certain quantity of oxalic and 
mesaconic acids, and a gummy acid giving a very soluble calcium 
salt. 

The solidified mass, after washing with water till practically free 
from acid, was treated with a little cold alcohol to remove the greater* 
part of the flnid oil, boiled for a few minutes with alcohol of about 
80 per cent, in quantity insufficient to dissolve the whole, and the 
solution poured off and allowed to crystallise. The product thus 
obtained was again boiled with an insufficient quantity of alcohol, 
and so on. The less soluble portions dissolved with difficulty in boil¬ 
ing alcohol, and, on cooling, deposited very fine, transparent needles 
of dyslyte, totally unlike the thick, prismatic crystals of eulyte. By 
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this method of fractional solution and crystallisation, I obtained from 
77 grains of citraconic acid 4*1 grams of eulyte and 0*85 gram of 
dyslyte, the yield of the two substances together being decidedly 
greater than when strong nitric acid is used, and the proportion of 
dyslyte being more than doubled. The quantity of the fluid oil is 
also greater, doubtless owing to the use of a condensing tube. 

Having neither time nor facilities for the further study of these 
remarkable substances, I shall look forward with much interest for 
future researches by Professor Ciamician and his friends as to their 
constitution, the elucidation of hich would undoubtedly be of con¬ 
siderable theoretical importance. 


LXXXV.— The Magnetic Rotatory Power of Solutions of Ammonium 
and Sodium Salts of some of the Fatty Acids. 

By W. H. Pjsrun, Ph.D., E.R.S. 

La&t January, a paper on te Magnetic Rotation,” by Professor 
Ostwald, was read before this Society (this vol., p. 198), in which he 
referred to the results I had obtained on the rotatory power of 
sulphuric and nitric acids of different strengths (Trans., 1886, 49, 
752, and 1889, 55, 6S1), and on the solutions of ammonium salts 
(Trans., 1889, 55,742) and of saline solution, a preliminary account of 
which I brought before the Society 12 months since (Proc., 1890-91, 
141). These results he considers are in full accordance with the 
dissociation theory of Arrhenius, whether the effect of solution causes 
an increase in rotatory power as in the case of the haloid salts, or a 
decrease, as in the case of the oxygen acids and their salts. He also 
refers to the cases in which aqueous solutions possess an additive 
character only, such as alcohol, ammonia, and formic, acetic, and 
propionic acids, remarking that all of these are much poorer con¬ 
ductors of electricity than the strong acids and bases, and that since 
salts formed from weak acids are as good conductors as those formed 
from strong ones, we may expect with them also marked deviations 
from the calculated values, and he further remarked that as no 
observations have, up to the present, been made with such compounds, 
it would be of interest to investigate some of these salts, such as 
ammonium formate and acetate. 

In his valuable work on Solution, p. 279 (English edition, 1891), 
after taking exception to my remarks in reference to solutions of 
some ammonium salts (Trans., 1889, 55, 748) that the only explana- 

3 y 2 
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tion I can find for these remarkable results is that these salts, when 
in solution, are almost entirely dissociated into their acids and bases, 
he observes, “ there can be no doubt that such salts as ammonium 
formate, &c., when in aqueous solution, would show molecular rota- 
tions which would not be the sums of the rotations of the components 
of the salts, but the rotations must be the sums of those of the com¬ 
ponents if Perkin’s view is correct.”* It would be easy then to make 
a crucial experiment, which should decide between the two theories. 
These observations induced me to direct my attention to the examina¬ 
tion of some of the salts of the fatty acids, to see if the above obser¬ 
vations were confirmed or not by experiment. The following are the 
results obtained:— 


Solution I. 

Ammonium Formate , AmFo + 3 OH 2 . 
The density determinations gave— 

d 15715° 1*1275. d 25°/25° 1*1256. 


The magnetic rotations gave— 


t. 

Sp. rotation. 

MoL rotation. 

14 ■6° 

1*1054 

6*371 

14-5 

1*1024 

6*353 

14*5 

1*1054 

6-371 

14*5 

1*1047 

6*366 

17*5 

1*1029 

6*362 

17*5 

1-1037 

6-365 

18*5 

1*1045 

6*371 

18*5 

1*0907 

6-32C 

19 *0 

1*1032 

6 *364 

19’0 

1-1047 

6*372 

19 *0 

1*3036 

6*366 

19*5 

1*1035 

6*367 

19 *5 

1*1028 

6*362 

Average 17 *4 | 

1-1034 

6*368 

Less 3 mols. C 

>h 2 . 

.. 8-000 


* This would only he the case if the salts were perfectly dissociated, otherwise 
the rotation would he less. 
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Solution II. 

Ammonium "Formate , AmFo + 8*78 OH*. 
The* density determinations gave— 

d lo 0 /15° 1-0732. d 25°/25° 1-0719. 


The magnetic rotations gave— 


t 

Sp. rotation. 

MoL rotation. 

17*5° 

1*0631 

12 *168 

17*5 

1*0631 

12-168 

17*5 

1*0631 

12 *168 

19 *0 

1*0683 

12 *229 

19 *0 

1-0671 

12 *216 

19*0 

1*0642 

12*182 

19*0 

1*0686 

12*233 

19*0 

1 -0619 

12 *156 

19*0 

1-0645 

12 *186 

19*0 

1*0631 

12*169 

19 *0 

1*0660 

| 12 *203 

19 0 

1 *0638 

1 12*178 

Average 18*6 

1 *0644 

1 12 -174 


Less 8 ‘78 mols. OH 2 . 8 ‘780 


3*394. 


Solution III. 

Ammonium Formate , AmFo + 10 OH 2 . 
The density determinations gave— 

d 15°/15° 1-0674 d 25725° 1*0662, 

The magnetic rotations gave— 


t . 


Sp. rotation. 


Mol. rotation. 


13 * 0 ° 
15-0 
15*0 
15*0 
17‘5 
17*5 
17-5 
17*5 
17-5 


Average 16*4 I 
Less 10 mols. OH 3 


1-0371 

18-371 

1 *0523 

13*310 

1*0523 


1-0560 

13*344 

1*0559 


1*0541 

13*337 

1*0534 

13*327 

1*0529 

13*322 

1*0526 

13*322 


1*0539 


13*333 

10*000 
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Solution I. 

AiUtiionium Acetate, AmSc + 4*75 OH.. 
The density determinations gave— 

d 15° 15° 1*0841. tZ25°/25° 1*0824. 

The magnetic rotations gave— 


t. I 

Sp. rotation. 

Mol. rotation. 

13 -O' 

! 1-0832 

, 0*019 

15*0 

1-0728 

8 *933 

15 *5 

1*0821 

9*014 

15 *5 

1*0824 

9*034 

18*0 

1*0777 

8*979 

18-0 

1-0837 

9*029 

18*0 

1-0782 

8*983 

18*0 

, 1-0797 

, 8 *995 

Average 16-0 

1 1*0800 

8*996 

Less 4*75 niols. OH*. 

.. 4*750 



4*246 


Solution II. 


Ammonium Acetate, AmZc + 13*13 OH s . 


The density determinations gave— 

d 15715" 1*0489. J25Y25" 1*0480. 

The magnetic rotations gave— 


Sp. rotation. 

Mol. rotation. 

18-0'' 

1*0487 

17-409 

18*0 

1*0453 

17*352 

18*0 

1 0445 

17*339 

18*0 

l*0i6S 

17-370 

18*5 

1*0475 

17-390 

18*5 

1-0457 

17*361 

38*5 

1-0482 

17*402 

IS *5 

1-0473 

17-890 

Average 18*2 

1*0168 1 

i 

17-877 

Lew 13 *13 mole. OH*........ 

.. 13-130 



4-247 
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Solution L 

Ammonium Propionate^ Am.Fr 4- 2*86 OHi. 

This solution was prepared by mixing the theoretical quantities of 
strong aqueous ammonia and propionic acid. 

The density determinations gave— 

d 15°, 15° 1*0755. d 25° '25° 1*0726. 

The magnetic rotations gave— 



19-3 


Average 38*0 | 1* 

Less 2 S6 mols. OIL, 


Solution II. 

Ammouium Propionate , AmPr -f 10*29 OH 2 
The density determinations gave— 

dl5°/15 L 1*0535. d 25^25° 1*0516. 

The magnetic rotations gave— 


Sp. rotation. * Mol. rotation. 



Average 19*2 | 1 0672 j 15 ’553 

Less 10 29 mols. OIL. 10 *290 


5*203 
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Solution I. 

SutHmn Formate , XaFo -1- 5*40 OH 2 . 

The density determinations gave— 

tZ15° 15 3 1*2905. d 25°, 25° 1*2869. 


The magnetic rotations gave— 


t. 

| Sp. rotation. 

Mol. rotation. 

is -o° 

lb*0 

1S*0 

18 *0 

19*5 

19*5 I 

19*5 1 

19*5 | 

1*0870 

1 *0894 
1*0894. 

1*0921 

1 *0920 

1 1*0920 

1 1*0913 

! 1*0893 

7-741 

7-767 

7-757 

7-775 

7-775 

7-775 

7-770 

7-756 

Average 18*75 1 *0904 | 

S’l __ 

7*764 

5*400 



2-364 

Solution II. 

Sodium Formate , IS'aFo -f 12*54 OH 3 . 

The density determinations gave— 


d 15°/15° 11551. 

d 25°/25° 1-1526. 

The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

13-0° 

1 *0501 

14 835 

15*0 

1*0542 

14*893 

15 0 

1 *0572 

14*935 

15*0 

1*0553 

14-908 

15*0 

1*0595 

14*967 

18*0 

1*0529 

14-833 

18*0 

1*0506 

14*852 

18*2 

1*0498 

14*825 

18*2 

1*0498 

14*825 

18*2 

1*0503 

14*850 

18 *2 

0*0503 

14*846 

18*2 

1*0495 

14*835 

Average 16*8 

1-0525 

14*871 

Less 12*54 01 

Iq . 

.* 12 *540 


2 331 












OF SOLUTIONS OF SALTS OF FATTY ACIDS. 


987 


Sodium Acetate, NaAc + 11*28 OH s . 

The density determinations gave— 

d 15 s , 15° 1*1578. d25°;25" 1-1553. 

The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

13 *0° 

1*0642 

14*504 

13 *0 

1*0649 

14*548 

13 *0 

1*0597 

14*443 

13*0 

1-0627 

14*484 

13 *5 

1 -0678 

14 *559 

13-5 

1*0683 

14*565 

33*5 

1*0693 

14*579 

13 *5 

1*0671 

14*549 

16*2 

1*0665 

11*546 

30*2 

1*0590 

14*414 

16 *2 

1*0590 

14*444 

16 *2 

1*0620 

14*485 

16*2 

1*0604 

14 *465 

19*0 

1 *0609 

14*480 

19 *0 

1 *0657 

14*546 

19*0 

1*0654 

14*541 


Average 15*2 1 1*0639 l 14*511 

Less 11 *23 mols. OHa. 11 *230 


3*281 


Sodium Propionate, NaPr + 7 OH s . 

The density determinations gave— 

d 15°/15° 1-1958. <225°/25° 1*1913. 

The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

15-0° 

1-0876 

11*260 

15*0 

1*0943 

11-329 

15 *0 

1*0876 

11*260 

15*0 

1*0950 

11 *337 

15*5 

1*0994 

11*343 

15*5 

1*0980 

11*328 

15*5 

1*0950 

11*298 

Average 15*2 

1*0938 

11 *308 


Less 7 mols. OH*... 7 *000 


4*308 
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Sodhihi Butyrate. XaBu + 6*81 OH a . 

The density determinations gave— 

d 15 s 1-16SS. fl2z t '2o"~ 1*1640. 

The magnetic rotations gave— 



1 Sp. rotation. 

1 A 

Mol. rotation. 

18*0' 

1-0951 

12 -121 

18*0 

1*0973 

12*145 

18*0 

1*0969 

12*141 

18*0 

1*0996 

13-170 

19*0 

i 1*0957 

12-132 

19*0 

1 *0967 

12-143 

19*0 

1*0972 

1 12-148 

19*0 

1*0964 

1 12-140 

Averaae IS *5 

1-0908 

12*142 

Less 6 *81 mols. OIL... 

6 *81 


5*332 


The following table gives the results obtained, side by side with 
their averages: — 

Salt. 

Water. 

Mol. rotation. 

Average 
mol. rotation. 


mols. 



Ammonium formate... 

+ 3 ‘00 

3-363 


,, „ ............ 

4-8*78 

3*394 

— 


+ 10 *0t> 

3*333 

3*363 

„ acetate..... 

+4*75 

4*246 

— 

'j j» •••*•••••••••• 

+ 13*13 

4*247 

4-247 

„ propionate... . 

+ 2*86 

5 *255 

— 

» 'i ... 

+ 10*26 

5*263 

5 *259 

Sodium formate. 

+ 5*40 

2*364 



+ 12*54 

2*331 

2*347 

„ acetate .. 

+ 11*23 

3*281 

3*281 

butyrate. 

+ 7*00 
+ 6*81 

4*308 

5*332 

4*308 

5*332 


From these results it is seen that the rotatory powers of the 
ammonium salts do not vary with different degrees of dilation, and 
there can be bat little doubt that this is also true of the sodium salts, 
because sodium formate shows no difference in this respect in solu¬ 
tions of varying strengths* 

On comparing the results obtained with the ammonium salts with 
the rotations of the base and acids, we get the following results 
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Cff 2 0 2 = 1 ’671 CoUAs = 2 *525 CU^Qs 

3S r H s = 1 *81S NH 3 = 1 *818 NH 3 

3 *459 4*343 

Found for ammo¬ 
nium salts .... 3 *303 4 *217 

Difference. 0*126 0*096 0*021 

This shows that the rotations of the salts are a little less than the 
sums of the acids and base; this is what might be expected, as 
reduction always takes place on combination. The question in this 
case is, how much redaction should we expect t We can get an 
answer which will not be far from the truth by considering the 
formation of the corresponding ethereal salts— 


CHjOj - 

c,h 4 = 

1- 671 

2- 046 

C..H 4 O 2 ~ 2 *o 2 o 
"Cft = 2 *046 

CaffAi “ 3*462 
C s H 4 = 2*046 


3*717 

4*571 

5*508 

Found for ethereal 




salts.. 

3*561 

4*462 

5-432 

Difference. 

0*153 

0*109 

0-052 


These differences correspond closely with those of the ammonium 
salts, being only a very little larger. 

Another comparison may be made, namely, between the rotations of 
these salts and those of the ethereal salts— 



Mol. rotation. 

Diff. 


MoL rotation. 

Diff. 

UHO2XH4 M .. | 
C2H3O2NH4 ... 

3*363 

4*247 

1 

0*874 

1*012 

CH0 2 Et.... 
CjfijO.Et. • j 

3*561 

4*462 

0-898 

0-990 

C'AOjXJBtt... 

5*259 

C*H 5 0 2 Ei .. 

1 

5*452 

f 


Here again the analogy is very close. Therefore, as these salts 
when in solution correspond in their formation and relationships to 
the ethers which arc anhydrous, these results would indicate that the 
rotations obtained for them when in solution are practically the same 
as those which they possess when in the dry state. As, however, the 
first set of comparisons with the ethers shows a slightly smaller set 
of differences, and the numbers approach more nearly to the sums 
of the rotations of their components, it may be that small amounts of 
these salts when in solution do dissociate into their acids and base; at 
any rate, they do not bear oat Professor Osbwald’s anticipations of 
marked deviations from the calculated values. 

In the case of the sodium salts, we are not in a position to form 


= 3*462 
- 1*818 

5*280 

5*259 
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sack good conclusions from the results, because we do not know the 
true value of sodium; but we can compare the relationships which 
exist between them and the ethers— 



Mol. rotation. 

Diff. 


Mol. rotation. 

Diff. 

CHOoNa.' 

2 *341 

0*940 

1*027 

1*023 

CHOoEt ... 

3*564 

0*898 

0*990 

1*025 

CVHjOjN a.,.. •. | 

3*281 

C 2 H 3 0 2 Et.. 

4*462 

• a . . ] 

4*308 

C 3 H 5 0 2 Et.. 

5*452 

C 4 H ; 0»Na.1 

i 

5*331 

C 4 HyOoEt • ■ 

6*477 


These differences are nearly as close to each other as in the case of 
the ammonium salts, so that whatever influence water may have on 
these salts, if any, it evidently acts to the same extent on all of them ; 
but whether these numbers show the true value of these salts, it is 
impossible to say at present. I have determined the rotatory power of 
rock salt, and this gives a much higher value for sodium than any of 
the salts of oxygenated acids yet examined do; but it is just possible 
that the value of a metal may be so influenced when replacing hydro¬ 
gen in an oxygenated acid as to give lower numbers than when in 
union with a halogen, and I am inclined to think this will be found 
to be the case. To get information regarding the relationship of 
metals to their salts, I am engaged with the examination of the 
magnetic rotatory powers of some of the organo-metaliic compounds, 
and the salts formed from the metals they contain. I hope also to 
examine some of the ammonium and other salts of the polybasic 
organic acids. 


LXXXVI.—CONTRIBUTIONS FROM THE LABORATORIES 
OF THE HERIOT WATT COLLEGE, EDINBURGH. 

2?ew Synthesis of the JEexamethylenedicarboxylic Acids. 

By W. H. Perkin, Jun., Ph.D., F.R.S., and Bertram Prentice. 

In the last number of this Journal (p. 798), it was shown that the 
sodium compound of ethyl pentanetetracarboxylate reacts with 
methylene iodide in alcoholic solution at 100°, with formation of ethyl 
hexamethylenetetracarboxylate, thus:— 
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CH 5 *CIfa(COOC>H 0 ) 2 
H a C< + 

X CH i *CN‘a(COOC J Hj. 


CHi'CCOOOOsHoJj 
CHJj = H,C< >CH S 

X CH J *C(OOOC J H < ). 

+ 2NaI. 


On hydrolysis, this ethereal salt yields the corresponding hexa- 
methylenetetracarboxylic acid, and the latter, -when heated at 
200—220°, is decomposed with elimination of 2 mols. of C0 3 . and forma¬ 
tion of r tte and r cistriu " hexamethylenemetadicarboxylic acids:— 

ch 3 -c(cooh)> ch 3 -ch>cooh 

H s c/ >CH S = mG( >OH a + 2CO> 
x CByC(COOH), x CH/OH-OOOH 

As the amount of these interesting acids obtained by this 
method is small, numerous experiments were made, under very vary¬ 
ing conditions, w ith the object of improving the yield, but without 
success. It then seemed probable that the same ethyl hexamethylene- 
tetracarboxylate should result from the action of trimethylene 
bromide on the disodium compound of ethyl propanetetracarboxylate, 
thus:— 


(COOC 2 H 0 ) 3 -OXa-OH 2 -CNa(COOC 3 H 5 ) 3 + BrCH 2 *CH 2 -CHJBr = 
(COOCiH 3 ) s C—CHa—0 (COOOjH 3 ) 3 07 _ 

<Wch 3 -ch 2 + 2NaBr - 

On making the experiment, it was found that a considerable quantity 
of the ethereal salt may be prepared in this w ay, but the yield obtained, 
though better than that from ethyl pentanetetracarboxylate, is far 
from good, and does not appear to be more than 10—12 per cent, of 
theoretical. 


Prepai ation of Ethyl Propanetetracarboxylate, 
(OOOC 3 Hs) 3 CH , CH 3 *CH(COOC 3 Br 6 ) 3 , and of Olutaric Acid . 

Ethyl propanetetracarboxylate was first prepared by Conrad and 
Guthzeit (Annalen, 222, 253), afterwards by W. H. Perkin, jun. 
(Per., 19 , 1056), by the condensation of ethyl malonate with form¬ 
aldehyde : 

2(COOC 2 H 6 )»CH 3 + CH 3 0 = (COOC 3 H 5 ) 2 CH-CH 3 *CH(COOC 3 H 5 ) 3 

4- H 2 0. 

Subsequently, Guthzeit and Dressel (Annalen, 256, 171) obtained 
the same substance by treating the sodinm compound of ethyl 
malonate with methylene iodide, thus :— 

2(COOC 2 H 6 ) 3 CHlSra + CH a L = (COOC 3 H 5 ) 3 CH-CH 3 *CH(COOC 3 H 5 ) 3 

+ SNal. 
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This method gives a yield of 84 per cent, of the theoretical, and is, 
therefore, the most convenient method of preparation. 

As however, methylene iodide is an expansive substance, it occurred 
to ns that it would be a great advantage if we could employ the 
cheaper methylene chloride in its place, and we, therefore, instituted 
a number of experiments on the action of methylene chloride on the 
sodium compound of ethyl malonate. 64 grams of ethyl malonate 
was dissolved in a solution of 9*2* grams of sodium in absolute alcohol, 
17 grains of methylene chloride added, and the mixture heated in 
soda-water bottles at 100° for two hours; the product was then heated 
on a water-bath till free from alcohol, the residue mixed with water, 
and extracted three times with ether. During this operation, beauti¬ 
ful, yellow crystals separated from the ethereal solution; they contain 
sodium, aud consist apparently of the sodium compound of a some¬ 
what complicated ethereal salt; this substance, which seems to have 
very interesting properties, is at present nnder examination. The 
filtrate from this sodium compound, after drying over calcium 
chloride and evaporating the ether, deposited a thick oil, which was 
purified by fractional distillation nnder reduced pressure, and thus 
separated into unchanged ethyl malonate, and a substance boiling at 
230—240° (80 mm.), which, after refractionation, boiled constantly at 
234—236° (80 mm.), and was fonnd to consist of pure ethyl propane- 
tetracarboxylate. 

0*2016 gram substance gave 0*1354 gram H s O and 0*4020 gram 


CO* 

Theory. 

Found. 

0 . 54*21 per cent. 54*35 per cent. 

^. F"23 „ 7*46 „ 

O ........ 38‘od „ 38*19 „ 


The yield obtained was about 60 per cent, of the theoretical, with¬ 
out taking the recovered ethyl malonate into account. 

The action of methylene chloride on the sodium compound of ethyl 
malonate has been already investigated by S. Tanatar (Chem. Central - 
blatU 1891, i, 21, 22), but his results differ entirely from those 
described above, as he makes no mention of having obtained an 
ethereal salt, Ci 5 HoiOb. On this account it seemed necessary to prove 
that the ethereal salt, C^H^O*, obtained by this reaction, really was 
ethyl propanetetracarboxvlate before employing it for synthetical 
experiments. This is readily done by converting it into the corre¬ 
sponding tetraearboxylic acid, and then decomposing this by heating 
it* at 2 j 0°, when glutaric acid results (compare W. H. Perkin, jun., 
Guthzeit and Dressel, loc. cit.). 
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(C00H) 2 CH*CH/CH(C00H) 2 = COOH*OH 2 *CH 2 -CH 2 -COOH 

+ 2CO s . 

30 grams of tlie pure ethyl salt, 0 15 H 21 0 8 , was dissolved in methyl 
alcohol, mixed with a solution of 25 grams of potassium hydrate in 
methyl alcohol, and the whole heated for three houi*s on a water- 
bath, in a flask connected with a reflux apparatus. The product was 
then mixed with water, vigorously boiled till free from alcohol, 
evaporated to a small bulk, acidified with hydrochloric acid, and 
extracted 10 times with pure ether. The ethereal solution was dried 
over calcium chloride, evaporated, and the residual, yellowish, semi¬ 
solid mass heated at 200—220° until the evolution of carbonic an¬ 
hydride had entirely ceased. 

In order to purify the crude acid thus obtained, the residual dark- 
brown syrup was dissolved in 10 times its weight of absolute alcohol, 
-the solution mixed with l/5th of the quantity of concentrated sulphuric 
acid, heated in a reflux apparatus for two hours, and the ethereal salt 
isolated by pouring the product into water and extiacting with ether. 
The ethereal solution was well washed with water, dried over 
calcium chloride, evaporated, and the crude ethyl salt purified by 
fractional distillation. In this way a colourless oil was obtained, 
which boiled constantly at 234°, and showed all the properties of 
ethyl glutarate. Analysis:— 

O’1104 gram substance gave 0*0864 gram H s O and 0*2321 gram 
C0 2 . 

Theory. 

COOC s H 5 *0H 3 -0H 3 *‘OH 2 -COO0 2 H s . Found. 


0. 57*44 per cent. 57*34 pei* cent. 

H. 8*51 „ 8*68 

O. 34*05 „ 33*98 


The pure ethereal salt was hydrolysed by boiling with an excess of 
alcoholic potash for two hours, the solution mixed with water, boiled 
until free from alcohol, acidified with hydrochloric acid, and extracted 
five times with pure ether. The ethereal solution, after drying over 
calcium chloride and evaporating, deposited a crystalline cake of almost 
pure glutaric acid; this was washed with ether, dried on a porous 
plate over sulphuric acid, under reduced pressure, aud then at 80°. 

The acid melted at 97—98°, and on analysis gave numbers agree¬ 
ing with those required for glutaric acid. 

0*1702 gram substance gave 0*0950 gram H 2 0 and 0*2836 gram 


CG 2 . 

Theory. 

0 6 H 8 0 4 . Found. 

G ....... 45*45 per cent. . 45*48 per cent. 

H . 6*06 „ 6*20 * „ 

0. 48*48 „ 48*32 
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The formation of this acid proves that the substance C 15 H 24 0s r 
obtained by the action of methylene chloride on the sodium com¬ 
pound of ethyl malonate, is in reality ethyl propanetetracarboxylate, 
(COOC 3 H 5 ) a CH-CHyOH(COOC 3 H 6 ) 2 . ^ 

The method of preparation of glutaric acid given above is probably 
the simplest and cheapest way of preparing this important substance, 
and, with this object in view, it would not be necessary to purify the 
ethyl propanetetracarboxylate by fractionation, the crude product of 
the action of methylene chloride on the sodium compound of ethyl 
malonate, might be freed from unchanged ethyl malonate by distilla¬ 
tion in a current of steam, and the residual oil at once hydrolysed and 
treated as above. 

Action of Trivtethylene Bromide on the Bisodmm Compound of FthyT 
Propanetetracarboxylate. Formation of Mexamethylenetetracarboxylic 
Acid. 

In carrying out this synthesis, 70 grams of pure ethyl propane¬ 
tetracarboxylate was mixed with a solution of 9*7 grams of sodium 
in 120 grams of absolute alcohol, 48 grams of trimethylene bromide 
added, and the whole heated gently in a flask connected with a reflux 
apparatus. In a short time, the temperature rose rapidly, a vigorous 
reaction set in, and, after boiling for about one hour, the decomposi¬ 
tion was completed. The product was gently evaporated till free 
from alcohol, mixed with water, extracted two or three times with 
ether, the ethereal solution evaporated, and the residnal oil (78 grams) 
hydrolysed by boiling with lj times the calculated quantity of 
alcoholic potash for three hours. After mixing with water, the 
alkaline solution was boiled until free from alcohol, evaporated to a 
small bnlk, acidified with hydrochloric acid, and extracted 25 times 
with pure ether. The ethereal solution, after drying over calcium 
chloride and evaporating to a small hulk, deposited, on standing, a 
quantity of a white, crystalline substance; this was collected, washed 
with ether, and recrystallised from warm water. 

In this way, beautiful, colourless, glistening crystals were obtained, 
which, on analysis, proved to be pure hexamethylenetetracarboxylic 
add:— 

0*1418 gram snbstance gave 0*0620 gram H s O and 0*240(frgram 


CO*. 

Theoiy. 

CioHjsO^ Bound. 

C. 46*15 per cent. 46*15 per cent. 

H. 4*61 „ 4*85 

O ...... 49*23 „ 49*00 
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This substance, when rapidly heated, decomposed at 218—220°, 
and was in all respects identical with the hexamethylenetetracarb- 
oxylic acid previously obtained. A quantity of the pure acid was 
heated at 220° until the evolution of carbonic anhydride had ceased, 
and the resulting, almost colourless oil which consists of a mixture of 
and T 0131X0133 hexamethylenemetadicarboxyhc acids, digested with 
acetyl chloride, and thus converted into the anyhdride of the r c,s acid 
(this vol., pp. 812, 816). The solid, crystalline mass which remained 
after distilling off the excess of the acetyl chloride and the acetic 
acid was purified by spreading on a porous plate, and subsequent 
recrystallisation from a mixture of benzene and light petroleum. 

The magnificent, glistening crystals thus obtained, after drying at 
110°, melted at 187°, and consisted of the pure anhydride of T 018 hexa- 
methylenemetadicarboxylic acid, as is shown by the following 
analyses:— 

I. O’1074 gram substance gave 0*0656 gram H a O and 0*2451 gram 
C0 2 . 

II. 0*1599 gram substance gave 0*0958 gram H 2 0 and 0*3642 gram 
C0 3 . 


Theory. Found. 

C 8 H 10 O 3 . I. H. 

C. 62*33 per cent. 62*24 62*11 per cent. 

H. 6*50 „ 6*79 6*65 

0. 31*17 „ 30*97 31*24 


This anhydride was further identified by conversion into r cu> hexa- 
methylenemetadicarboxylic acid by boiling with water. 

The ethereal mother liquors from which the 1 examethylenetetra- 
carboxylic acid had separated, as described above, were evaporated, 
the residue heated at 200—220° until the evolution of carbonic 
anhydride had ceased, and then converted into the methyl salt by 
means of methyl alcohol and sulphuric acid (loc, cit ., p. 806). 

On fractioning this salt, a small amount of crude methyl hexa- 
methylenedicarboxylate was obtained, boiling at 170—385° (60 mm.), 
together with considerable quantities of high and low boiling frac¬ 
tions ; of these, the former were not examined j the latter appear to 
contain methyl glntarate, which must have been produced by the 
hydrolysis of some unchanged ethyl propanetetracarboxylate. 

The yield of pure hexamethylenetetracarboxylie acid obtained in 
the above reaction from 140 grams of ethyl propanetetracarboxylate 
was about 13*5 grams, or about 12 per cent, of the theoretical. The 
amount of hexamethylenedicarboxylic acids obtained by the hydro¬ 
lysis of the methyl salt has not yet been accurately determined, but 
it is approximately 4 grams. 

Further experiments on these interesting acids are in progress. 

VOL. lix. 3 z 
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LXXXVIL—CONTRIBUTIONS PROM THE LABORATORIES 
OF THE HERIOT WATT COLLEGE, EDINBURGH. 

Benzoylacetic Add and some of its Derivatives . Part Y. 

By W. H. Perkin, Jun., Ph.D., F.R.S., and James Stenhouse. 

In previous investigations on ethyl henzoylacetate (Trans., 1884, 45, 
170; 1885, 47, 240, 262; 1886, 49,154), it was shown that in its 
general behaviour it hore a very strong resemblance to ethyl aceto- 
acetate. When treated with sodium ethylate, it forms a well-charac¬ 
terised sodium compound, C 6 H 5 *CO*CHNa'COOC s H6, which, by the 
action of alkyl halo'ids, yields monalkyl substitution products. It still 
remained to be seen whether these alkyl derivatives, like the mono- 
substituted derivatives of ethyl acetoacetate, if again treated with 
sodium ethylate and alkyl haloids, were capable of forming di-substitu- 
tiou products. 

Numerous experiments were made on this subject, and, as a result, 
it was found that the mono-substituted ethyl benzoylacetates, 
such as ethyl methybenzoylacetate, C 6 H 5 *CO*CH(CH 3 )*COOC 2 H 5 , 
when treated in the usual way in alcoholic solution with sodium 
ethylate and isobutyl iodide or benzyl chloride, were only to a small 
extent converted into di-substitution products, the bulk of the sub¬ 
stance being hydrolysed by the sodium ethylate employed, with 
formation of benzoic and fatty acids, and, in the case of the benzyl 
chloride, a quantity of benzyl ethyl ether, C 6 H 5 'CH 2 *OC 2 H 0 , was 
obtained. 

ALlyl iodide, on the other hand, converts the sodium compound of 
ethyl methylbenzoylacetate almost quantitatively into ethyl methyl- 
ailylbenzoylacetate, C 6 H 5 *CO‘C(CH 3 )(CH 2 -CH!CH 3 )*COOC 2 H 5 , and it 
is difficult to understand why allyl iodide should behave so differently 
from isohutyl iodide, unless indeed the former is more readily decom¬ 
posed than the latter. 

That the mono-substituted derivatives of ethyl henzoylacetate are 
capable of forming sodium compounds is clearly shown by the fact 
that the ethereal solutions of these compounds dissolve sodium with 
evolution of hydrogen. The resulting ethereal solutions of the sodium 
compounds react only very slowly with alkyl haloids, although, on the 
addition of an acid chloride, separation of sodium chloride at once takes 
place. 

Thus, the sodium compound of ethyl methylbenzoylacetate is readily 
acted on by benzoyl chloride with formation of ethyl methyldibenzoyl- 
acetace:— 
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CeHs-CO-CmCC^-OOOCsHs + C 6 H 6 *COCl = 

(0 6 H 6 -CO) 3 0(OH 3 )-0 000 2 H 6 + ffaCl 

The conclusion which may be drawn from these experiments is that 
ethyl benzoylacetate differs from ethyl acetoacetate in this respect, 
that, unlike the latter, it only with difficulty yields di-substitution 
products; it is, however, possible that under conditions other than 
those employed in this investigation, these di-substituted products 
may be more readily obtained, and experiments on this point are in 
progress. 

The substance described in a previous paper (Trans., 1884, 45, 
181) as ethyl diethylbenzoylaeetate, CeHs'CO’C^Hfi^’COC^Hs, is 
very probably a mixture of this substance with considerable quantities 
of ethyl ethylbenzoylacetate, C 0 ■ CH ( C 2 H 5 ) • C 0 0 C a H 5 , a sup¬ 

position which is borne out by the analytical numbers obtained in a 
subsequent examination of this product. 

In the course of this investigation, we have taken the opportunity 
of correcting some errors which had crept into the previous work on 
the subject; we have also prepared a number of new and interesting 
compounds, and, before entering into experimental details, it will be 
well to give a brief account of the results obtained. 

When the sodium compound of ethyl benzoylacetate is treated in 
ethereal solution with benzoyl chloride, ethyl dibenzoylacetate is 
produced:— 

CJE 5 -CO-CHNa-COOO a H 5 + C 8 H 5 -C0C1 = 

(C 6 H 6 -CO) 3 CH-COOC 2 H 6 + MTaCI. 

This interesting compound, which was previously described as an 
oil, is crystalline, and melts at 112 °; on hydrolysis, it yields the cor¬ 
responding dibenzoylacetic acid without decomposition. 

Ethyl methyldibenzoylacetate, (C e H 8 *CO)iC(CH 3 )’COOCaHs (see 
above), is, on the other hand, much less stable than ethyl dibenzoyl¬ 
acetate, as, when treated with alkalis, it is decomposed with formation 
of benzoic acid. 

As dibenzoylacetic acid contains two carbonyl groups, it was 
thought probable that, when treated with hydroxylamine, it would 
yield a di-oxime, [CoH 5 *C(]SrOH)] 20 H*OOOH; on making the 
experiment in alkaline solution, a substance, C 9 H 7 ITO 2 , was obtained, 
which, on examination, was found to be identical with phenylisox- 
C 6 EyOCH2-CO 

azolone , n._^ , which L. Claisen and W. Zedel (JBer., 24, 

140) prepared by treating ethyl benzoylacetate with hydroxylamine 
in acetic acid solution. Under these circumstances, dibenzoylacetic 
acid is obviously decomposed with formation of benzoic and benzoyl- 

3 z 2 
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acetic acids, the latter then combining with hydroxylamine to form 
phenylisoxazolone. 

In like manner, ethyl dibenzoylacetate and ethyl dibenzoylmethyl- 
aeetate, when heated with phenylhydrazine, are decomposed with 
formation of benzoylphenylhydrazine, C 6 H 5 -C 0*NHvNH*C 6 H 5 . 

Dibenzoylacetic acid is readily rednced by sodium amalgam in 
alkaline solution with formation of dihydroxydibenzylacetic acid, 
[GJBk*CH(OH)] 3 CH'COOH; but, at the same time, considerable' 
quantities of £-phenyllactic acid, C 6 H 3 *CH(OH)*CH 3 'COOH, are pro¬ 
duced, showing that a portion of the dibenzoylacetic acid, during the 
operation, had been decomposed into benzoylacetic and benzoic acids. 

Ethyl ethyllenzoylaceiate , when treated with sodium amalgam, yields 
a-ethyl-j8-phenylhydroxypropionic acid, 

C 6 H 5 -CH(OH)‘CH(0 3 H 5 )-COOH 

(m. p. 106—108°). 

a-Methyl-p-phenylhydroxypropionic acid , when heated at a high tem¬ 
perature, is decomposed with formation of water, carbonic anhydride, 
and allylbenzene (methylstyrolene), CeHyCHlCH'CHa. 

Furf uraIdehyde readily condenses with ethyl benzoylacetate , when a 
mixture of the two is digested with acetic anhydride, yielding ethyl 
fnrfuralbenzoylacetate, C 8 H s <3O-C(;CH‘C4H 3 0)*C00C 3 H 3 , which 
melts at 68°. 

Ethyl nitrosobenzoylacetate dissolves readily in potassium hydrate 
solution, and, on standing, is gradually decomposed with formation of 
nitrosoacetophenone, C 6 H 5 'CO*CHINOH, benzoic acid, and other pro¬ 
ducts. 

Ethyl benzylbenzoylacetate , C 6 H 5 *CO*CH(C 7 H 7 )‘COOC 2 H 5 (b. p. 
265 c , 80 mm.), is readily produced when the sodium compound of 
ethyl benzoylacetate is digested in alcoholic solution with benzyl 
chloride. 

On hydrolysis, this ethereal salt is decomposed with formation of 
benzylaeetophenone, C 6 H 5 *CO*CH 2 *CH 2 ‘C 6 H 5 , a crystalline substance 
which melts at 70° and, on treatment with hydroxylamine, yields an 
oxime, C»H 3 -C (NTOH ) *CH 2 *CH 3 *C 6 H 5 , melting at 80—81°. 

Reduction with sodium, in moist ethereal solution, converts benzyl- 
acetophenone into diphenyl propyl alcohol, 

0 6 H s -CH( 0H)-CH 3 -0H 3 -C 6 H 5 , 
a thick, colourless oil which boils at 240° (70 mm.). 

Experiments on the Formation of Di-siibstitutiwi Derivatives of Ethyl 
. Benzoylacetate . 

Exp. I.—Ethyl methylbenzoylacetate (1 mol.) was digested in 
alcoholic solution with sodium ethylate (1 mol.) and excess of isobutyl 
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iodide at 100° for two hours. The product was heated on a water- 
bath till free from alcohol, mixed with water, extracted with ether, 
the ethereal solution dried over calcium chloride, evaporated, and the 
residual oil fractioned under reduced pressure. The greater part 
ot the oil passed over between 160° and 170°, under a pressure of 
225 mm., only a small quantity of an oil of high boiling point 
remaining in the retort. 

On distillation under ordinary pressures, about three-quarters of 
the fraction 160—170° (225 mm.) passed over between 210—211°, 
and the distillate was found, on analysis, to consist of slightly impure 
ethyl benzoate. 


0*1116 gram substance gave 0*0728 gram H s O and 0*2950 gram 
CO*. 


Theory. 

CgHg-COOCaHs. Found. 


0 . 72*00 per cent. 

H. 6*66 

0 . 21*33 „ 


72*92 per cent. 


7*24 

19*84 


99 

99 


This crude ethereal salt gave, on hydrolysis, almost pure benzoic 
acid, which, after recrystallisation from water, melted at 120°. 

j Exp. II .—Ethyl methylbenzoylacetate (1 mol.) was digested in 
alcoholic solution with sodium ethylate (1 mol.) and excess of benzyl 
chloride. The product, isolated as above, was firsu distilled under 
redneed pressure and then fractioned under the ordinary press are. 
Almost the whole passed over between 175° and 200°, leaving only a 
small residne, of a high boiling point, in the retort. On refractioning 
the oil boiling at 175—200°, a considerable quantity of a colourless 
distillate was obtained, boiling constantly at 185° *, this, on examina¬ 
tion, was found to consist of benzyl ethyl ether, C 8 H 5 *CH 2 *OC 2 H 5 . 

These and other experiments were repeated under various conditions, 
but in all cases the results were similar, except in the case of ally! 
iodide, which gives with the sodium compound of etbyl methyl¬ 
benzoylacetate a very good yield of ethyl allylmethylbenzoylacetnte 
(see next section). 


Ethyl Allylmethylbenzoylacetate , 

06 H 5 *co-C(ch 3 -ch:oh 3 ) (cb*)*cooc 2 h 5 . 

In order to prepare this ethereal salt, ethyl methylbenzoylacetate 
(1 mol.) was mixed with an alcoholic solution of sodinm ethylate 
(1 mol.), an excess of allyl iodide added, and the whole heated on a 
water-bath for three hours in a flask connected with a reflux apparatus. 
Alter distilling off the alcohol, water was added, the product extracted 
twice with ether, the ethereal solution washed with water and a 
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little sulphurous acid, dried over calcium chloride, evaporated, and 
the residual oil purified by repeated fractionation under reduced 
pressure (225 mm.). In thisjway a considerable quantity of a colour¬ 
less oil was obtained, boiling at 243—245°, which, on analysis, gave 
the following numbers:— 

0*1032 gram substance gave 0*0681 gram H s O and 0*2774 gram 


00 * 

Theory. 

OigECjgOj. Pound. 

0 ___ 73*17 per cent. 73*25 per cent. 

H. 7*32 „ 7*36 

O. 19*51 „ 19*39 


Ethyl allyimethylbenzoylacetate is readily hydrolysed by boiling 
with alcoholic potassium hydrate solution; the principal products of 
the reaction are benzoic acid and an oily fatty acid of disagreeable 
odour, probably allylmethylaeetie acid. A small quantity of a neutral 
substance is also formed, which boils approximately at 235°; this is pre¬ 
sumably methylallylacetopbenone, but it was not further examined. 

Ethyl Dibenzoylacetate , [CfiHs'CO^CH'COOCaH* 

The sodium compound of ethyl benzoylacetate reacts readily with 
benzoyl chloride with formation of ethyl dibenzoylacetate, thus:— 

C 8 H 6 *CO'CHNa* COOC 2 H 5 + C 6 H 5 -COCi = (C 6 H 0 -CO) 2 CH*COOC*H 

+ NaCl. 

This ethereal salt can only be obtained in a crystalline condition if 
the ethyl benzoylacetate employed is very pure and free from aceto¬ 
phenone, and to the presence of the latter in considerable quantity in 
the ethyl benzoylacetate prepared from phenylpropiolic add is 
due the fact that this substance was previously only obtained as an oil 
(Trans., 1885, 47, 246). 

In preparing large quantities of ethyl dibenzoylacetate, we have 
found the following method to give good results:— 

25 grams of ethyl benzoylacetate is dissolved in 250 grams of pure 
dry ether, 3 grams of sodium, in the form of fine wire, added, and 
the whole allowed to stand nntil the sodinm has completely dissolved, 
care being taken that the temperature does not rise above 25°. 
19 grams of freshly distilled benzoyl chloride is then added slowly 
through a dropping funnel, the mixture allowed to stand for two 
hours, diluted with water, the ethereal solution separated, washed 
with water, and allowed to stand for 24 hours in a cool place. The 
crystalline mass which separates is collected, washed with ether, 
and dried on a porous plate over sulphuric acid under diminished 
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pressure. The beautifully crystalline, colourless powder thus 
obtained consists of pure ethyl dibenzoylacetate, as the following 
analyses show:— 

0*1478 gram substance gav^ 0*0741 gram H s O and 0*3970 gram 
CO a . 

0*1626 gram substance gave 0*0815 gram H a O and 0*4351 gram 

C0 2 . 


Theoiy. Pound. 

CisHigO.*. i. H- 

C. 72 97 per cent. 73*25 72*97 per cent. 

H. 5 41 „ 5*57 5*57 

0. 21*62 „ 21*16 21*46 


Ethyl dibenzoylacetate melts at 112°. It is sparingly soluble in 
ether, readily soluble in boiling alcohol, insoluble in water. 

The ethereal mother liquors from the pure crystalline compound, 
on evaporation, deposit a yellow oil, which solidifies to a great extent 
on long standing over sulphuric acid in a vacuum. The crude 
pasty product thus obtained may be readily purified by contact with 
a porous plate until free from oily impurity, and subsequent tritiration 
with absolute ether. 

Ethyl dibenzoylacetate is readily hydrolysed by boiling with 
alcoholic potassium hydrate, with formation of dibenzoylacetic acid; 
the details of this operation, and the method of purification of the 
resulting acid, have been already given (Trans., 1885, 47, 246). 


Redvctitm of Dibenzoylacetic Acid. Fo} motion of Dihydroxy dibenzyl- 

acetic Acid, [C 8 H/CH(OH)] 2 CH*COOH, and fi-Phenyllactic Acid, 

C 6 H5-CH(OH)-CH 2 *COOH. 

Dibenzoylacetic acid is readily reduced by sodium amalgam in alka¬ 
line solution with formation of a mixture of dihydroxydibenzylacetic 
acid and ^-phenyllactic acid. 

The former acid is produced by the direct reduction of dibenzoyl¬ 
acetic acid, thus — 

(CeH 5 -CO) 2 CH-COOH + 2H 3 = [C 6 H5-CH(OH)] a CH-COOH. 

The latter acid results obviously from the reduction of benzoyl- 
acetic acid, which is produced by the decomposition of dibenzoyl¬ 
acetic acid in the presence of alkali, thus:— 

(C 6 H 5 *00) 2 GH*C00H + H 2 0 = C 6 H 3 -CO*CH 2 -OOOH + 

C 6 H 5 -COOH. 

0 6 H 5 -C0*CH a -C00H + H> = CgHs-CHCOH^CHs-COOH. 
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Pure dibenzoylacetic acid was dissolved in a warm dilute solution of 
sodium carbonate, well cooled, and treated with a considerable excess 
of 2% per cent, sodium amalgam in small quantities at a time. As tbe 
reduction proceeds, the solution becomes slightly turbid and smells of 
acetophenone, a small quantity of a dark-coloured sticky substance 
separates, which, however, owing to the small amount of material at 
our disposal, could not be obtained in a pure condition. The forma¬ 
tion of a similar neutral reduction product was observed in experi¬ 
menting on the aetion of sodium amalgam on ethyl benzoylacetate 
(Trans., 1885,47,255) ; this was ultimately purified, and obtained in 
the form of colourless prisms melting at 102°; it seems very possible 
that this same substance is formed in both experiments, especially as 
the sticky substance from the reduction of dibenzoylacetic acid gives 
with alcoholic potash the intense magenta-red coloration, which is 
characteristic of the compound melting at 102°. 

In order to isolate the principal products of the reduction of 
dibenzoylacetic acid, the alkaline solution was separated from the 
mercury by means of a separating funnel, acidified with dilute sulph¬ 
uric acid, extracted several times with ether, and the ethereal solution 
dried over calcium chloride and evaporated. The yellowish oil thus 
obtained was digested with an excess of boiling baryta water for a 
short time, the excess of baryta removed by passing a rapid current 
of carbonic anhydride, the liquid filtered, and the colourless filtrate 
extracted twice with ether, In this way a small quantity of a neutral 
substance is removed; this will he referred to again later on. 

The aqueous solution was then acidified with hydrochloric acid, 
extracted four times with ether, the ethereal solution dried over 
calcium chloride, evaporated, and the thick, almost colourless, oily 
residue allowed to stand over sulphuric acid under diminished pres¬ 
sure for several days. In order to remove the oily impurities, the re¬ 
sulting semi-solid mass was stirred up with successive small quantities 
of benzene, when a crystalline residue was left, which became quite 
colourless after repeated washing with benzene on a filter pump. 

The crystals were theu dissolved in a little hot water, the solution 
filtered, and allowed to cool slowly, and in this way beautiful, trans¬ 
parent, colourless needles were obtained, which after drying over 
sulphuric acid under diminished pressure, gave the following numbers 
on analysis:— 

0*1526 gram substance gave 0*0808 gram H 2 0 and 0*3926 gram 
CO s . 

0*1586 gram substance gave 0*0848 gram H z O and 0*4080 gram 
C0 2 . 
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liieory* /-"-\ 

[C 6 H 5 -CH(OH)] 3 CH*COOH. I. II. 


C ..... 70*59 per cent. 70*16 70*16 per cent. 

H. 5*88 „ 5*89 5*94 „ 

0 . 23*53 „ 23*95 23*90 „ 


Dihydroxydibenzylacetic acid melts at 188—190°, but not very 
sharply. It is readily soluble in hot water and alcohol, sparingly 
so in benzene and light petroleum. 

The dissociation constant for the electrical conductivity of dihydr¬ 
oxydibenzylacetic acid at different concentrations was determined by 
Dr. 'Walker, who found K = 0*0051. 

The basicity of this acid was determined by titration with a 
standard solution of potassium hydrate (1 c.c. = 0 00550 gram 
KOH). 

0*1552 gram of the pure acid required for neutralisation 5 8 c.c. of 
the potassium hydrate solution = 0*0324 gram KOH. 

A monobasic acid of the formula Ci fi H 1G 04 requires 0*0319 gram 
KOH. 


The dilute solution of the potassium salt shows the following 
behaviour with reagents :—Copper acetate , a light-green precipitate, 
very sparingly soluble in water; lead acetate , a white, caseous pre¬ 
cipitate, insoluble in water; barium chloride , no precipitate; zinc 
acetate , no precipitate. 

On spontaneous evaporation, the benzene mother liquors from the 
above acid gradually deposit needle-shaped crystals ; these were col¬ 
lected, washed with a little benzene, recrystallised from this solvent, 
and analysed with the following result:— 


0*1501 gram substance gave 0*0812 gram H 3 0 and 0*3580 gram 
C0 2 . 


Theory. 

C 6 H 6 -CH(OH)-OH 3 -COOH. Found. 


O. 65*06 per cent. 65*16 per cent. 

H.. 6*03 „ 6*01 

0. 28*91 „ 28*83 


This substance melts at 91—93°, and is identical with the ^-phenyl- 
lactic acid obtained by the reduction of benzoylacetic acid with sodium 


The silver salt was prepared ‘by precipitating a neutral solution of 
the ammonium salt by silver nitrate. It gave the following results 
on analysis:— 

0*2262 gram substance gave on ignition 0*0898 gram Ag =■ 39*61 
per cent. Theory, C 6 H 5 *CH(OH) *CH 2 COO, Ag = 39*56 per cent. 
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The neutral oily substance obtained in the purification of the crude 
product of the action of sodium amalgam on dibenzoylacetic acid as 
described above solidified, almost completely, on standing. The crude 
product was spread on a porous plate and allowed to stand until the 
traces of oily impurity were entirely absorbed, and the colourless 
crystals analysed with the following result:— 

0*0508 gram substance gave 0*0322 gram H s O and 0*1478 gram 


CO*. 

Theory. 

Pound. 

C. 78*95 per cent. 79*33 per cent. 

H. 7*01 „ 7*04 „ 

0. 14*04 „ 13*68 „ 


This substance, which melts at about 129°, is probably diphenyltri- 
methyleneglycol, C 6 H 5 *CH(OH)*CH 2 ‘CH(OH)*C 6 H 5 . produced by the 
reduction of dibenzoylmethane, CsH^CO'CHVCO’CgHs, which is one 
of the decomposition products of dibenzoylacetic acid. 

Action of Hydroxylamine on Dibenzoylacetic Acid, and of Phenyl- 
hydrazine on Ethyl Dibensoylacetate. 

As dibenzoylacetic acid is a moderately stable substance, it seemed 
probable that, when treated with hydroxylamine in alkaline solution, 
it would yield a dioxime of the formula [C 6 H 5 *C(NOH)] 3 CH*COOH, 
the examination of which might lead to very interesting results. 

With the object of preparing this compound, pure dibenzoylacetic 
acid (1 mol.) was dissolved in methyl alcohol, mixed with a concen¬ 
trated aqueous solution of hydroxylamine hydrochloride (3 mols.), an 
excess of potassium hydrate (6 mols.) added, and the whole allowed 
to stand for two days. The product was evaporated at a low tem¬ 
perature until free from methyl alcohol, mixed with water, acidified 
with dilute hydrochloric acid, and the crystalline precipitate which 
separated collected, washed with water, dried on a porous plate, and 
recrystallised twice from methyl alcohol. The beautiful crystalline 
compound thus obtained gave, on analysis, the following numbers :— 

0*1320 gram substance gave 0*0586 gram H a O and 0*3266 gram 
CO* 

0*1648 gram substance gave 12*4 c.c. nitrogen; t = 16°; bar. = 


732 mm. 

Theory. 

CgHyNOa. Pound. 

C. 67*08 per cent. 67*47 per cent. 

H. 4*35 „ 4*93 „ 

1ST........ 8*69 ,, 8*44 
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This substance melts at 146° with decomposition, and is identical 
with the phenylisoxazolon which L. Olaisen and W, Zedcl \Ber ., 24, 
140) obtained by treating ethyl benzoylacetate in acetic acid solution 
with hydroxylamine, thus:— 

CA-CO-CH 2 -COOC.H 6 + NH a -OH = ^’R'^' 0000225 + H s O. 

.N*OH 

OaH 5 -^OH 3 -COOC 3 H 5 _ C 6 H 5 -C-CH a -CO 

]ST-OH ~ TS -0 + 2 5 - 

Phenylisoxazolon. 

The formation of this compound is i eadily understood, if we suppose 
that dibenzoylacetic acid in alkaline solution is decomposed into benz- 
oylacetic acid and benzoic acid. The former then reacts with hydr¬ 
oxylamine, forming phenylisoxazolon. 

Experiments were then instituted on the action of phenylhydrazine 
on ethyl dibenzoylacetate. 2 grams of the pure substance was mixed 
with 2 grams of phenylhydrazine, and the mixture heated at 180° in 
a test-tube until all action had ceased. The product, which on cool¬ 
ing solidified, was powdered, washed with ether till free from oily 
impurity, dried on a porous plate, and recrystallised several times 
from benzene. The beautiful, white, silky substance thus obtained 
melted at 165—168°, and was found to consist of benzoylphenylbydr- 
azine, Ct,H 5 ‘CO*NH*!SrH*GeH 3 . Analysis:— 

0*2116 gram substance gave 25*6 c.c. 1$ ; t = 22°; bar. = 740 mm. 

Theory. 

CuH 12 N 2 0. Pound. 

E . 13*21 per cent. 13*33 per cent. 

In the formation of this substance, the ethyl dibenzoylacetate is 
evidently first hydrolysed with formation of benzoic and acetic acids, 
and the former then combines with the phenylhydrazine. 

It is probable that, under other conditions, the direct product of 
the action of phenylhydrazine on ethyl dibenzoylacetate might be 
obtained, and further experiments on this subject are in progress. 

Ethyl Bibmzoylmethylacetate, (C 6 H 5 *CO) 2 C(CH 3 )*COOC 2 H 5 . 

This interesting substance was obtained in the following way:—1*6 
grams of sodium wire was suspended in pure dry ether, 15 grams of 
ethyl methylbenzoylacetate, G 6 H 5 , 00 *CH(CH 3 )* 0000 S H 5 , added, the 
mixture allowed to stand until the sodium had entirely dissolved, and 
12 grams of freshly distilled benzoyl chloride gradually added. After 
standing for two hours, water was added, the ethereal solution sepa- 
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rated, washed repeatedly witli dilate sodiam carbonate eolation to 
remove any excess of benzoyl chloride, dried over calcinm chloride, 
evaporated, and the residnal oil, after standing over sulphuric acid 
under diminished pressure, analysed with the following result:— 

0*2102 gram sobstance gave 0*1134 gram H 3 0 and 0*5618 gram. 


C0 2 . 

Theory 

C lq Hi 8 b 4 . Found. 

C . 73*55 per cent. 72*89 per cent. 

H. 5*81 „ 5*99 „ 

O. 20*64 „ 21*12 „ 


Ethyl dibenzoylmethylacetate is a thick, yellowish oil. which, even 
on long standing, does not solidify; it is readily hydrolysed by boiling 
with alcoholic potash, with formation of benzoic acid and a neutial 
substance which is probably phenyl ethyl ketone, CeHs'CO'CBb'CH,,, 
and all attempts to obtain the corresponding dibenzoylmethylacetic 
acid were fruitless. When ethyl dibenzoylmethylacetate is heated in 
a test-tube with phenylhydrazine at 180°, benzoylphenylhydrazine is 
produced. This substance, after repeated recrystallisation, melted at 
165°, and gave the following results on analysis:— 

0*2296 gram substance gave 2*64 c.c. IT; t = 15°; bar. = 744 mm. 


0*1630 „ „ 0*0836 gram H s O and 0*4400 gram C0 2 . 

Theory. 

C, H„*eO NH-NH-CcH,. Found. 

G. 73*58 per cent. 73*62 per cent. 

H. 5*66 ,, 5*70 „ 

X. 13*20 „ 13*18 „ 


Ethyl Benzylhtnzoylacetate , C 6 H 3 *C O • CH (C 7 H 7 )• CO0C 2 H 5 . 

This ethereal salt is readily prepared by treating the sodium com¬ 
pound of ethyl benzoylacetate with benzyl chloride in alcoholic 
solution, thus:— 

C 6 H u -CO*OH]Sra-COOC 2 H 5 + C 7 H 7 C1 = 

C 6 H 5 -CO*CH(C 7 H 7 )-OOOC 2 H 5 + BaCl. 

40 grams of ethyl benzoylacetate was dissolved in a solution of 
5 grams of sodium in 50 grams of absolute alcohol, 27 grams of freshly- 
distilled benzyl chloride added, and the mixture heated in a reflux ap¬ 
paratus on a water-bath for two hours. The alcohol was then distilled 
off, water added, the product extracted three times with ether, the 
ethereal solution washed with water, dried over calcium chloride, 
evaporated, and the residual, yellowish oil purified by fractionation 
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under diminished pressure (80 mm.). After a considerable quantity 
of an oil of low boiling point had passed over, smelling strongly 
of benzyl ethyl ether, CcByCBvOCoHs, the thermometer rose 
rapidly to 205°, between which temperature and 270° a considerable 
quantity distilled. 

The almost colourless oil thus obtained gave on analysis the fol¬ 
lowing numbers:— 

0*1617 gram substance gave 0*1075 gram H 2 0 and 0*4544 gram 


CO a . 

Theory. 

CjgHjgOg. Found. 

0 . 76*60 per cent. 76*64 per cent. 

H. 6*39 „ 6*79 „ 

O . 17*02 „ 16*57 


Ethyl benzylbenzoylacetate is a thick, slightly-yellowish oil, which 
does not solidify even on long standing; it resembles closely the 
corresponding methyl salt, prepared by Perkin and Colman (Trans., 
1886, 49,155) from methyl benzoylacetate by treatment with sodium 
ethylate and benzyl chloride. 

Hydrolysis of Ethyl Benzylbenzoylacetate . Formation of Benzylaceto- 
phenone , CaHs-CO-CHa-C^'CsHs. 

In order to examine the behaviour of ethyl benzylbenzoylacetate on 
hydrolysis, a quantity of this ethereal salt was dissolved iu absolute 
alcohol, heated to boiling on a water-bath in a reflux apparatus, and 
then a dilute solution of potassium hydrate (3 mols.) added, drop 
by drop, from a dropping funnel; after digesting for one hour, the 
solution was allowed to cool; on standing for 24 hours, a crystalline 
substance separated, which was collected, washed with a little alcohol, 
recrystallised from this solvent, and the beautifully glistening, colour¬ 
less plates thus obtained dried over sulphuric acid under reduced 
pressure, and analysed with the following result:— 

0*1239 gram substance gave 0*0765 gram H 2 0 and 0*3882 gram 
CO a . 

Theory. 

C 6 H 5 - 00-OH 2 -OH 2 -0 6 H 5 . Found. 


C. 85*71 per cent. 85*53 per cent. 

H . 6*66 „ 6*86 

0. 7*62 „ 7*61 


Benzylacetophenone melts at 70°. It is readily soluble in hot 
alcohol, benzene, and light petroleum; it crystallises from its hot 
solution in methyl alcohol or light petroleum in beautiful, glistening 
needles. 
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The alkaline filtrate from the crystals of benzylacetophenone was 
boiled till free from alcohol, filtered, acidified with hydrochloric acid, 
and extracted with ether. In this way a small quantity of an acid 
was extracted, which, on evaporating and subsequent recrystallisation 
of the residue from water, was obtained in colourless needles melting at 
120°, and possessing the properties of benzoic acid, and the aqueous 
mother liquors from the benzoic acid, contained small quantities of a 
second acid, presumably phenylpropionic acid. The yield of ketone 
obtained by the above method is very good, approximately 80 per 
cent, of the theory; the formation of this ketone by the hydrolysis of 
ethyl benzylbenzoylacetate may be represented thus:— 

C 6 H 5 -CO-CH(C 7 H 7 )-OOOC 2 H 5 + 2KOH = 

C 6 H 3 -CO-CH 3 -CH/C 6 H fi + K*C0 3 + C 2 H 3 -OH. 

Oxime of Benzylacetophenone , C 6 H 5 , 0(N0E[)'CH2 , 0H2«06H 5 . 

This oxime was prepared by dissolving the pure ketone (2 grams) 
in methyl alcohol, adding an aqueous solution of 1*5 grams of hydr- 
oxylamine hydrochloride and an alcoholic solution of 3 grams of 
potassinm hydrate, and allowing the mixture to stand for 24 hours. 
In order to isolate the product, the alcohol was removed by gentle 
evaporation, the oily oxime, which, however, rapidly solidifies, col¬ 
lected, washed with water, dried on a porous plate, and purified by 
recrystallisatiou from dilute alcohol. 

The analysis gave the following numbers:— 

02110 gram substance gave 11*4 c.c. 3ST; t = 11°; bar. = 
760 mm. 

Theory. 

Cj 5 H la N O. Pound. 

N. 6*22 per cent. 6*43 per cent. 

*Benzylacetophenoneoxime crystallises from dilute alcohol or light 
petroleum in colourless needles which melt at 82°. It is readily 
soluble in alcohol, benzene, chloroform, and hot light petroleum, 
sparingly in water and cold light petroleum: it is also insoluble in 
alkalis and dilute acids. 

Reduction of Benzylacetophenone: Biphenyl Propyl Alcohol, 
C 6 H a *CH(OH) • CH a - CHo* C 6 H 5 . 

This reduction was carried out by dissolving the pure ketone in 
ether, floating the solution on water, and cautiously adding about 
twice the calculated quantity of sodium in small quantities at a time. 
The ethereal solution was separated, washed with water, dried over 
calcium chloride, evaporated, and the residual thick oil purified by 
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fractionation under diminished pressure (70 mm.). In this way a fair 
quantity of a thick, colourless oil was obtained, boiling at about 240° 
(70 mm.); but there was a considerable residue left in the retort, 
which probably consists of the corresponding pinacone. 

The analysis of diphenyl propyl alcohol gave the following 
numbers:— 

0*1576 gram substance gave 0*1128 gram H 2 0 and 0*4886 gram 


C0 2 . 

Theory. 

C la H lfi O. Found. 

0 . 84 90 per cent. 84*53 per cent. 

H. 7*55 „ 7*90 

O. 7*55 „ 7*57 


Diphenyl propyl alcohol is a thick, colourless oil, which, even on 
long standing, showed no signs of crystallising. 

a-JSthyl-p-phenylhy droceypropionic Acid, 
G 6 H 5 -CH(0H>0H(CoH 5 )*000H. 

This acid may be readily prepared from ethyl ethylbenzoylacetate 
by reduction with sodium amalgam, thus :— 

C fi H 5 -CO*OH(C 2 H 5 )-COOC 3 H 5 + H s + H s O = 

C 6 H 5 *CH(OH)-CH(C 2 H fi )-COOH + C 8 H 5 -OH. 

The pure ethereal salt was dissolved in dilute alcohol, and the 
solution treated in a flat dish with a considerable excess of 2| per 
cent, sodium amalgam, in small quantities at a time. The product 
was separated from the mercury, heated on a water-bath till free from 
alcohol, acidified with dilute hydrochloric acid, and extracted six 
times with ether. The ethereal solution, after drying over calcium 
chloride and evaporating, deposited a thick, almost colourless oil, 
which, even on long standing, showed no signs of crystallising. 

In order to purify this crude product, it was dissolved in an excess 
of barium hydrate solution, the excess of baryta removed by passing 
a rapid current of carbon dioxide through the boiling solution, and the 
filtrate acidified with hydrochloric acid, and extracted six times with 
ether. The ethereal solution, after being dried over calcium chloride, 
was evaporated, and the residual colourless oil allowed to stand for 
some days over sulphuric acid under reduced pressure. The crystal¬ 
line cake which gradually formed was roughly purified by spreading 
it on a porous plate, and subsequently recrystallising it from carbon 
bisulphide. 

The analysis gave the following results:— 
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O'1230 gram substance gave 0*0825 gram H a O and 0*3074 gram 
CO a . 

Theorr. 

C 6 H 5 -CH(OH) -CH(C\H 5 ) -COOH. Found. 


O. 68 04 per cent. 68*15 per cent. 

H. 7*22 ., 7*45 

O. 24*74 „ 24*40 


a-Ethyl-/5-phenylhydroxypropionic acid melts at 110—112°. It is 
readily soluble in benzene, alcohol, and boiling water, but only 
sparingly in light petroleum. 

The silver salt was prepared by adding silver nitrate to a moderately 
concentrated neutral solution of the ammonium salt; it is a white, 
amorphous precipitate sparingly soluble in water. Analysis:— 

0*2619 gram substance left on ignition 0*0934 gram Ag. 

Theory. 

C n H 13 Ag0 3 . Found. 

Ag. 35*80 per cent. 35*66 per cent. 

Action of Seat on a-Methyl-f3-phen?jlhydroxypropionic Acid: Formation 
of Allylbensene, CbHb'CHICITGHs. 

When heated at a high temperature, o-methyl-/3-phenylhydroxy- 
propionic acid is decomposed with formation of water, carbonic 
anhydride, and allylbenzene, thus:— 

CeHs-GHCOHJ-CHCCHaVCOOH = C 6 H 5 -0H:GH-0H 3 + C0 3 + H s O. 

In studying this decomposition, the pure acid* was heated in a 
small Wurtz flask at 280° until the evolution of carbonic anhydride 
had entirely ceased, the residue rapidly distilled, the colourless distil¬ 
late dried over potassium carbonate, and submitted to very careful 
fractional distillation. A considerable quantity of a colourless oil was 
thus obtained, boiling constantly at 174—175°, but which gave no 
satisfactory result on analysis. 

The whole was therefore redistilled over sodium, the operation being 
rapidly conducted, in order, as far as possible, to prevent polymerisa¬ 
tion, the distillate refractioned, and the oil boiling at 174—175° 
analysed with the following result:— 

(1*1238 gram substance gave 0*0947 gram H>0 and 0*4130 gram 


C0 2 . 

Theoiy. 

C 6 H 5 -CHICK-CH 3 , Found. 

C. 91*52 per cent. 90*98 per ceiu. 

H. 8*47 „ 8*49 „ 


* This acid melts at 95°, and not at 124—125°, as previously stated (Trans., 
1686,49,160). 
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Allylbenzene has been obtained by several methods (Beilstein, 
Eandbuch , 1888, ii, 126), but the boiling point is variously given as 
1645° and 174—175°. In order, therefore, to be certain of the 
identity of the substance we had obtained, it was converted into the 
dibromide by adding to the solution in chloroform the calculated 
quantity of bromine. On allowing it to evaporate at ordinary tem¬ 
peratures, colourless needles separated, which were dried on a porous 
plate and analysed with the following result:— 

0*2388 gram substance gave 0*3023 gram AgBr. 

Theory. 

C 6 H 0 - CHBr* CHBr* CH 3 . Pound. 

Br....... 53 95 per cent. 53*86 per cent. 

This dibromide melts at 66*5°, and agrees in its properties with 
a^-dibromopropylbenzene (Beilstein, Eandbuch , 1888, ii, 50). 

Condensation of Ethyl Benzoylacetate with Furfuraldekyde. Ethyl 
Furfuralbmzoylacetate , CeHo'CO’CGCH-CiHsO^COC^IIs (?). 

This condensation takes place readily when a mixture of ethyl 
benzoylacetate (10 grains) and fm*furaldehyde (5 grams) is heated 
with excess of acetic anhydride for three hours in a sealed tube at 
150°. The resulting brownish-coloured product was freed from 
acetic anhydride and acetic acid by fractionation, and the residual 
crude condensation product distilled from a small retort under 
diminished pressure. The thick, dark-coloured, oily distillate, on 
standing, gradually solidified to a mass of brownish crystals; these 
were first roughly purified by contact with a piece of porous plate, 
and then recrystallised twice from methyl alcohol. 

The beautiful, glistening, tabnlar crystals thus obtained gave on 
analysis the following numbers:— 

0*1598 gram substance gave 0*0760 gram H 2 O and 0*4112 gram 


CO a . 

Theory. 

C 16 H h 0 4 . Pound. 

O. 71*11 per cent. 71*06 per cent. 

H. 5*18 „ 5*34 

O. 23*71 „ 23*60 


Ethyl furfuralbenzoylacetate melts at 68°. It is readily soluble in 
alcohol and benzene, but only sparingly in light petroleum. 

It crystallises from methyl alcohol in remarkably lustrous, four¬ 
sided, tabular prisms, which in appearance closely resemble the cor¬ 
responding benzal compound (Trans., 1885, 47, 260). 

4 A 
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LXXXVIII.—CONTRIBUTIONS FROM THE LABORATORIES 

OF THE HERIOT WATT COLLEGE. EDINBURGH. 

Kote on the Formation of Anthraquinone from Orthob&nzoyl - 
benzoic Acid. 

By W. H. Perkin, Jim., Ph.D., F.R.S. 

The constitution of anthraquinone and its derivatives has been 
proved by a number of elegant synthetical experiments, and, among 
these, the formation of monobromanthraquinone by the dehydrating 
action of sulphuric acid on orthobromorthobenzoylbenzoic acid (Pech- 
mann, Ber 12, 2127) is perhaps the most important— 

C#H*Br*CO*C«Hi , OOOH = C 6 H i Br<^Q>C 8 H 4 + H„0. 

Liebermann (Per., 7, 805) also showed that orthobenzoylbenzoic 
acid, when heated with fuming sulphuric acid, is converted into 
anthraquinonesulphonic acid; but no mention has been made of the 
formation of anthraquinone itself by the action of ordinary sulphuric 
acid on benzoylbenzoie acid, although it is well known that this 
change may be brought about by anhydrous phosphoric acid. 

In the course of some experiments on benzoylbenzoie acid, I 
observed that this acid, in contact with ordinary sulphuric acid at 
100°, is converted readily, and apparently quantitatively, into anthra¬ 
quinone, 

CeH^CO-C.H^COOH = 0 8 H 1 <^>C,H 1 + H a O. 

The benzoylbenzoie acid employed in these experiments was pre¬ 
pared by acting on a mixture of phthalic anhydride and benzene with 
aluminium chloride (Pechmann, Per., 13, 1612); it was repeatedly 
recrystallised from water, and thus obtained in long, thick needles, 
which, after drying at 115—120°, melted at 127°, and gave the 
following results on analysis:— 

0T420 gram substance gave 0*0568 gram H 2 0 and 0*3863 gram 


CO*. 

Theory. 

O 14 H 10 O 3 . Found. 

C. 74*34 per cent. 74*19 per cent. 

H. 4*43 „ 4*60 

0. 21*23 „ 21*21 


If this pure acid is dissolved in sulphuric acid, the yellow solu- 






THE NITRO-DEHIVATIVES OF ORTHOTOLUTDINE. 1013 


tion heated at 100° for half an hour, and the product poured into 
water, a white precipitate separates which consists for the most part 
of anthraqninone. The crude substance was collected, washed with 
water, digested with sodium hydrate solution to remove any un¬ 
changed acid, dried on a piece of porous plate, recrystallised from 
glacial acetic acid, and finally sublimed. In this way deep-yellow 
needles were obtained which melted at 275°, and consisted of pure 
anthraquinone. 

This conversion of benzoylbenzoic acid into anthraquinone by means 
of sulphuric acid may be carried out well on the small scale as a lecture 
experiment. Asmall quantity of the finely divided acid is mixed in a test 
tube with sulphuric acid, the mixture heated at about 150° for a few 
seconds, and until the whole of the benzoylbenzoic acid has dissolved; 
the resulting deep-brown solution is then poured into water. If now 
an excess of sodium hydrate is added, the anthraquinone remains 
undissolved, and may be readily identified by warming with a little 
zinc-dust, when the well-known, characteristic, red-coloured liquid is 
obtained, which, if decanted and shaken with air, again deposits 
anthraquinone. 

Heriot Watt College , Edinburgh . 


-The Ortho- and Para-nitro-derivatwes of Orthotoluidvne . 

By Author G. Green and Thos. A. Lawson, Ph.D. 

Molting and Oollin (Per., 17, 265) have shown that by the nitration 
of orthotoluidine in presence of a large excess of sulphuric acid at 
a low temperature, the entering N0 2 group assumes the malposition 
relatively to the MH 2 group, producing paranitro-orfchotoluidine, 
CH S 

* VHTH 2 

. This nitrotoluidine appears to be regarded by Molting 


and Collin as the sole product of the reaction: this is not the case, 
however, as although it constitutes at least 75 per cent, of the whole, 
we have been able to prove the presence of from 3 to 4 per cent, of 
metonitro-orthotoluidine, C«H’ 3 (CH 8 )(N’II 2 )*M’02 [1:2:5], and to 
isolate a still larger quantity (about 20 per cent.) of the orthomisuo- 
orthotoluidine [C 6 H 3 (CHi)(MlI 2 )‘N02 1:2:6]. The latter has, 
up to the present, only been obtained by the partial reduction of 

4 A 2 
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orthodinitrotoliiene, CgH 3 (CH 3 ) (!N0 2 )2 [1:2:6] (Cunerth, Annalen, 
172, 223; Bernthsen, JBer., 15, 3018), so that its formation by the 
direct nitration of orthotoluidine is a matter of some interest* The 
orthonitro-orthotolnidine presents considerable analogies to the 
paranitro-orthotoluidine, since the N0 3 group in each stands in the 
meta-position relatively to the NH S group, and from this fact also 
their simultaneous formation in the nitration of orthotoluidine might 
have been inferred. Having at our disposal considerable quantities 
of these two isomers, we considered it would be of interest to make a 
more complete comparison of these bases and their derivatives than 
has yet been done. 

The orthonitro-orthotoluidine was separated from the paranitro - 
orthotoluidine by means of its greater solubility in water, and was 
obtained pure by crystallising its hydrochloride. The orthonitro- 
orthotolnidine thus obtained crystallises from alcohol in beautiful, 
bright-yellow, slender needles, whereas the para-compound forms large, 
orange prisms. 

In accord with Bernthsen, we have found the melting point to be 
91*5°. It is soluble in about 75 parts of boiling water, the para-com- 
ponnd requiring about 100 parts for solution. Its volatility with 
steam is about the same as that of the para-compound, namely, 1 part 
with 1250 parts of water. It boils at about 305° under ordinary 
atmospheric pressure, but with great decomposition: the para-com¬ 
pound boils a few degrees higher. It differs from the para-compound 
in being tasteless, the latter having an intensely sweet taste which is 
not possessed by any of the other nitrotoluidines. Its hydrochloride 
forms flat needles or plates which are partly baBified by water. 

The acetyl derivative was obtained in white needles melting at 
157—158° nneorr. The benzoyl derivative formed slender, white 
needles, sparingly soluble in cold alcohol, and melting at 164—165° 
nneorr. These melting points agree with those found by Ullmann 
and by Bernthsen. 

The identity of our nitrotoluidine with that obtained by Cunerth, 
Bernthsen, and others from 1:2:6-dinitrotoluene was proved by the 
complete correspondence of the properties of the base and of its acetyl 
and benzoyl derivatives, by its giving the consecutive tolylenemetadi- 
amine on reduction, and the orthonitro-orthocresol of melting point 
143° on boiling the diazo-compound with water. For complete con- 
flrmation, the NH 2 group was eliminated by warming the diazo- 
compound with alcohol: ort^onitrotoluene was thus obtained in good 
yield, and was identified by its boiling point (218° nneorr. at 
754 mm.), and by its giving orfAonitrobenzoic acid, of sweet taste, and 
melting point 146°, on oxidation with potassium permanganate* 

An attempt to el i minat e the NH 2 group by the hydrazine method 
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(reduction of tlie diazo-compound with stannous chloride and boiling 
with copper sulphate) gave, instead of orfchonitrotoluelie, an almost 
theoretical yield of orthochloro-orthonitrotoluene, C b H 3 (CH 3 ) C1*N0 3 
[1:2: 6], identical with that obtained by the action of reduced 
copper upon the diazochloride (see below). 

In correspondence with the fact that these two nitrotoluidines are 
amido-derivatives of ortho- and para-nitrotoluene respectively, we 
have found that they behave with alcoholic soda in a manner similar 
to the nitrotoluenes from which they are derived; for whilst the 
paranitro-orthotoluidine, when boiled with alcoholic soda, gives (like 
paranitrotoluene) a deep magenta coloration, the orthonitro-ortho- 
foluidine (like orthonitrotoluene) gives no colour. 

Althpngh both nitrotoluidines can be readily brominated in hot 
acetic acid solution, they offer considerable resistance to other substi¬ 
tuting agents: thus, the orthonitro-orthotoluidine is only sulphonated 
by sulphuric anhydride at the high temperature of 140—150°, whilst 
the paranitro-orthotoluidine, under the same conditions, is not sulph¬ 
onated, but undergoes complete decomposition. Moreover, by nitra¬ 
tion in sulphuric acid solution, we were unable to introduce a second 
nitro-group into either isomer. 


Alkaline Reduction . 

By reducing paranitro-orthoicludine with sodium amalgam, Lim- 
prichtand Graeff (23er., 18, 1404; Annalen, 229, 340) obtained the 
corresponding azoxytoluidine, C 6 Hj(CH 3 ) (NH 2 )‘K 2 0*C 6 H 3 (1TH2)*CH3, 
and azotoluidine, CeH 3 (OH s )(]N'H 2 ) , N’ 2 * 06 H 3 (lfH; 5 )*OH 8 . 

In place of sodium amalgam, most other alkaline reducing agents 
can be used, but we have found sodium stannite to give the best 
resalts in the preparation of the azoxy- and azo-derivatives, both from 
the paranitro- and also from the orthonitro-orthotoluidine. For this 
purpose, the nitrotoluidine was dissolved in boiling water, and to the 
boiling solution there was slowly added a cold, aqueous solution of 
sodium stannite, prepared by mixing solutions of lather more than 
the calculated quantity of stannous chloride and an equal weight 
of caustic soda. The azoxytoluidine which separates is purified by 
crystallisation from toluene. The azotoluidine was obtained by 
further reduction of the azoxytoluidine, by means of sodium stannite 
in alcoholic solution: the azoxytoluidine was dissolved in alcohol, and 
to the boiling solution an aqueous alcoholic solution of the calculated 
quantity of sodium stanDite was added; after boiling for some time, 
the product was precipitated by the addition of water, and purified 
by ciystallisation from toluene. By the same method of reduction, 
we have also prepared the azoxytoluidine and azotoluidine corre- 
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sponding to orthonitro-orthotoluidine; these have not before been 
obtained. The parahydrazo-orthotolnidine described by Limpricbt 
and GraefE -we have been nnable to obtain, neither were we able 
to isolate the orthohydrazo-orthotolnidine, on account of the great 
rapidity with which it is oxidised to azotolnidine by the air. 

Farazoxyorthoto luidine, 

[1:2:4] [4:2: 1], 

forms yellow needles (from alcohol) or orange prisms (from toluene). 
The melting point was fonnd to be 168° uncorr., as given by Lim- 
pricht and GraefE. The diacetyl derivative, obtained by adding acetic 
anhydride to a boiling acetic acid solution of the base, forms small, 
white needles, moderately soluble in hot acetic acid, but only very 
sparingly in alcohol. It melts at 290° nncorr. 

Parazo-orthotoluidine, 

[1:2:4] 0 6 H3(0H 3 )(^H 2 )-]Sr 2 -C 6 H3(]SrH 2 )*0H3 [4:2:1], 

forms dark-orange, prismatic needles (from toluene). The melting 
point was found to be 203° uncorr., whilst Limpricht and GraefE give 
197°. The diaeetyl derivative, prepared as above, forms small, 
orange-yellow needles, moderately soluble in boiling acetic acid. It 
melts at 300° nncorr. 

[1:2:6] C e H a (CH s ) (TO) •’N 2 0-G 6 E z (HB. 2 yCK i [6:2:1], 

crystallises from toluene in straw-yellow plates, easily soluble in 
toluene, acetic acid, and alcohol, slightly soluble in water. It melts 
at 149° uncorr. Its hydrochloride forms white plates, sparingly 
soluble in dilnte hydrochloric acid, easily in water. The diacetyl 
derivative, obtained by adding acetic anhydride to the boiling alco¬ 
holic solution of the base, forms small, white, flattened needles, 
nearly insoluble in alcohol, acetic acid, toluene, <fcc. It melts at 307°. 

Orth azo-orthoto luid ine, 

[1:2; 6] CfiH^CHs) (NH 2 )-JST 2 -CsH 3 (NH 2 )0H 3 [6:2: 1], 

•crystallises from toluene in orange plates, easily soluble in toluene, 
alcohol, &c. It melts at 175° uncorr. Its hydrochloride forms an 
orange, crystalline powder, sparingly soluble in water, especially in 
presence of hydrochloric acid. The diacetyl derivative crystallises 
from acetic acid in very small, orange-yellow needles. It is very 
sparingly soluble in boiling acetic acid, insoluble in alcohol, and melts 
iibove 340°. 

Acid Reduction. 

Whilst the paranitro-orthotoluidine is converted by complete reduc- 
tiouL'(with tua. and hydrochloric acid, for example) into the ordinary 
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tolylenediamine, C 6 H 3 (CH 3 )(NH 2 ) 2 [1:2: 4], the orthonitro-ortho- 
toluidine gives rise to the consecutive tolylenediamine, 

O 6 H 3 (OH0(NH 2 ) 3 [1:2:6] 

(Ullmann, Ber., 17, 1959). We have also prepared the latter diamine 
by reduction of the orthonifcro-orthotoluidine formed by nitration of 
orthotolnidine; the base crystallises in prismatic needles, apparently 
of the same form as the ordinary tolylenediamine, since the latter 
causes it to crystallise. We found the melting point to he 105°, 
whilst Ullmann gives 103*5°. The hydrochloride forms large, flat 
plates, moderately soluble in water. 

Its diacetyl derivative melts at 202—203° uncorr., and has the very 
peculiar and distinctive property of subliming, when heated, in white, 
excessively light, woolly flocks, immediately over the melted substance, 
and these, becoming disengaged, float about in the* air; these flocks 
consist of masses of very fine needles. The diacetyl derivatives of 
other tolylenediamines which we have examined do not show this 
property in the slightest degree. 


Displacement of the NH 2 Group by Chlorine. 

The displacement of the NH 2 group in the nitrotoluidines by chlorine 
takes place very readily by employing Gatterman’s modification of 
Sandmeyer’s reaction. On adding precipitated copper to a cold solu¬ 
tion of the diazochloride containing excess of hydrochloric acid, a 
vigorous evolution of nitrogen takes place, and, when the reaction is 
complete, the chloronitrotoluene is obtained in nearly theoretical 
quantity by distilling the product with steam. 

Orthochloroparanitrotoluene, CeH^CHa) Gl'N0 2 [1:2: 4], obtained 
as above from paranitro-orthotoluidine, crystallises from alcohol in 
long, white, pointed needles, having an odour resembling that of 
paranitrotoluene. Its melting point was found to be 68°. The same 
compound has been prepared by WachendorfE (Annalen, 185, 273) 
and by Lellmann (Ber., 17, 537) by chlorination of paranitrotoluene 
with antimony pentachloride, and its melting point is given as 65*5°. 

Grthochloro-orthonitrotoluen e, C 6 H 3 ( CHj) CHT0 2 [1:2: 6], obtained 
as above from orthonitro-orthotoluidine, crystallises from dilute 
alcohol in white needles of peculiar odour, resembling that of meta- 
chloronitrobenzene. It melts at 37° and is readily volatile with steam. 
As this melting point lies very close to that of the chloronitrotoluene 
(m. p, 38°) obtained by Beilstefo. and Kuhlberg (Armalen, 158, 338) 
from orthoparadinitrotoluene, and to which they assigned the consti¬ 
tution [CH S : 01 : NO a = 1 :4 : 2], we prepared the latter for com¬ 
parison by treating the diazochloride of the orthonitroparatoluidine 
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(m. p. 78°) with precipitated copper in the same way as the pre¬ 
ceding. The chloronitrotoluene thus prepared crystallises from dilute 
alcohol in white needles, is readily volatile v itk steam, and melts at 
88 °, as given by Beilstein and Kuhlberg. In appearance and proper¬ 
ties it closely resembles the chloronitrotoluene of melting point 37°, 
but differs slightly in odour. 

In order to prove beyond all question that they are not identical, 
the two substances were oxidised with potassium permanganate under 
the same conditions. Beilstein and Kuhlberg 5 s chloronitrotoluene of 
melting point 38° gave the chloronitrobenzoic acid, 

C 6 H 3 (C00H)CMSr0 3 [1:4: 2], 

prepared by Yamholt (J. pr. Chem. [2], 36, 30). It melted at 
140—141° uncorr., whilst Yarnholt gives 138—139°. The new chloro¬ 
nitrotoluene of melting point 37° gave a new chloronitrobenzoic acid, 
C 6 H 3 (COOH ) ClvN0 2 [1:2: 6], which was easily soluble in water, 
and crystallised from it in white, prismatic needles of melting point 
161° uncorr. 

Our thanks are due to Messrs. Brooke, Simpson, and Spiller 
(Limited), in whose laboratory at the Atlas Works the above research 
was conducted. 


Summary, 

On the preceding page is a tabulated comparison of melting points 
aud chief properties of the two series of compounds. 


XO .—Phosphorous Oxide . Part II. 

By T. E. Thorpe, F.R.S., and A. E. Tutton, Demonstrator of 
Chemistiy at the Royal College of Science, South Kensington. 

Action of Litjld .—In our first communication on this subject (Trans., 
1890, 553), we stated that phosphorous oxide was acted upon by 
light. Even diffused daylight turned it yellow, and in strong sun¬ 
shine it rapidly became dark-red. On melting the residual oxide and 
decanting it from the red product, and redistilling it, the clear, colour¬ 
less substance, on exposure to sunshine, quickly became red as 
before. 

Further observation, however, has rendered it doubtful whether 
pure phosphorous oxide is affected by light. We have been able, as 
a matter of fact, to prepare a sample of crystallised phosphorous 
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oxide which, after a year’s continuous exposure to light, has not 
suffered the slightest change in colour. A few grams of the freshly- 
distilled and apparently pure oxide were sealed up in a tube pre¬ 
viously filled with dry carbon dioxide. It was then placed in the 
direct rays of the sun, when it rapidly became red. After nearly 
three months’ exposure to light, the dark-red substance was warmed 
to the melting point of the oxide, passed through glass-wool to remove 
the suspended red powder, and the oxide again distilled into a fresh 
tube, in which it solidified in large, transparent, colourless crystals. 
On again exposing the crystals to light, they ultimately became as 
deeply-red as before. The operations of melting, filtering, and dis¬ 
tilling were repeated a third time, but the result was the same. 
Finally, the oxide was simply melted at the lowest possible tempera¬ 
ture, filtered through glass-wool, and again exposed to sunshine. It 
was no longer acted upon by light, but has remained perfectly clear 
and colourless after nearly 12 months’ exposure. 

The red substance is the so-called amorphous modification of 
phosphorus. Although the distilled oxide, when exposed to light* 
eventually becomes dark-red, the actual extent of decomposition is 
non very considerable. We have determined the weight of red phos¬ 
phorus formed in one case after four months, and in another after 
seven months’ exposure. In the first instance it was 0‘8 per cent, 
of the total weight of oxide; in the other case it was 1*0 per cent. 

We have made many attempts to obtain preparations of the oxide 
which should be unaffected by light, by distillation, at the ordinaiy 
temperature, in a vacuum ; but however many times the same speci¬ 
men was redistilled in a Sprengel vacuum, it invariably became red 
on exposure to light. Frequently, however, large, isolated crystals of 
the oxide of perfect form were obtained by slow spontaneous sublima¬ 
tion in a vacuum, which retained their clear, transparent appearance 
for days. If, however, the crystals were melted by the warmth of the 
hand, the liquid drops, on solidification in the wax-like form, rapidly 
became red. Indeed, it seems not improbable that the permanency of 
the crystallised oxide is in some way connected with its crystalline 
character. 

It is of course important to determine the bearing of these 
observations on the question of the phosphorescence of phosphorous 
oxide. We have repeated our original experiments with samples of 
oxide which have been several times exposed to light and afterwards 
distilled in a vacuum, but in no case did the phosphorescence show 
aaty diminution in intensity. 

Action of Brovrdm .—Liquid bromine acts violently upon phosphorous 
oxifie, and the mass generally inflames. To study the nature of the 
ebange, a known quantity of the recently distilled oxide was placed 
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in a closed glass apparatus so arranged tliat it could "be continuously 
acted upon at the ordinary temperature by bromine vapour. Small, 
lemon-yellow, and perfectly homogeneous crystals quickly made their 
appearance above the oxide. These continued to grow until they were 
about 2 mm. in diameter; they consisted of short prisms, terminated 
at both ends by pyramids. It was impossible to determine their 
crystallographic characters with greater precision, as they deliquesced 
immediately when in contact with the air. Quantitative analysis 
showed that they consisted of pure phosphorus pentabromide. The 
numbers obtained were as follows:— 

0*4350 gram of crystals gave 7*57 per cent, phosphorus and* 
93*32 per cent, bromine. 

PBr 5 contains 7*19 per cent, phosphorus and 92*81 per cent, 
bromine* 

The oxide in the flask quickly became covered with a white, 
amorphous powder, resembling phosphorus pentoxide. After a time 
both it and the crystals became dissolved in the excess of bromine 
which condensed upon them. When the reaction was apparently 
complete, the contents of the flask were distilled. A small quantity 
of bromine first appeared, after which the thermometer suddenly 
rose to 190°, and a quantity of phosphoryl bromide passed over and 
solidified in the receiver. It boiled constantly at 195° (corr.), and 
melted at 45°. The residue in the flask consisted of a dark, resinous 
mass, resembling the so-called “ metaphosphoryl chloride ” of Gus- 
tavson (compare Gh hT. Huntley, this vol,, p. 202); it probably 
consisted of the bromine analogue of that compound. The first action 
of bromine upon phosphorous oxide appears, therefore, to result in 
the formation of phosphorus pentabromide and phosphoric oxide. 

5P 4 0 6 + 20Br* = 8PBr 5 + 6P a O a . 

The pentabromide crystals are afterwards washed down upon the- 
pentoxide by the excess of bromine, and the two substances then 
react, forming the oxybromide and “ metaphosphoryl bromide.” Hence 
the ultimate action of bromine upon phosphorous oxide appears to be- 
similar to that of the action of chlorine. The reaction may thus be 
represented:— 

P 4 0 6 + 4Br 2 = 2POBr a + 2PO a Br. 

The yield of phosphoryl bromide actually obtained was very nearly 
that required by this equation. 

Action of Iodine .—Iodine reacts very slowly with phosphorous oxide, 
forming an orange-red solid. Even when the substances are heated 
together in a sealed tube at 150°, the reaction is far from complete.. 
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When the two substances are heated, under pressure, with a quantity 
of carbon bisulphide, phosphoric oxide is formed, and orange-red 
prisms of Pol* separate out from the concentrated solution. No for¬ 
mation of the tri-iodide could be detected. The main reaction is 
probably in accordance with the equation 

5 P 4 0 6 ”h 8Io — 4 P1I4. 6P3O5. 

Action of Hydrogen Chloride .—This gas is rapidly absorbed by 
phosphorous oxide with the formation of a viscous mass and a clear, 
mobile liquid. The semi-solid substance is at first quite white, but as 
the reaction proceeds it changes to yellow and orange. The clear 
liquid consists of phosphorus trichloride, boiling at 76°; the semi- 
solid residue is, for the most part, soluble in water, and the solution 
contains phosphorous and phosphoric acids. The yellow solid was 
identified as free phosphorus. With a view of obtaining a quantita¬ 
tive determination of the nature of the change, a weighed quantity of 
phosphorous oxide, contained in a small distilling flask, was connected 
with a graduated gas eprouvette standing over mercury, and which 
could be replenished from time to time with dry hydrogen chloride 
as the absorption proceeded. By noting the volume of gas absorbed, 
and checking the amount by occasionally weighing the flask, the 
amount of the reacting hydrogen chloride could be ascertained. The 
main action may be represented by the equation 

P 4 0« + 6HC1 = 2PC1 3 + 2 H 3 PO* 

Greuther (/. pr. Chem. [2], 8, 359) has pointed out that phosphorus 
trichloride reacts with phosphorous acid to form yellow phosphorus 
and orthophosphoriG acid, and our own observation confirms the 
.statement. The reaction is probably 

P0J 3 + 4 H 3 PO 3 = 3H 3 P0 4 + P 2 + 3HC1. 

In an actual experiment carried out by the above method, but in 
which the reaction was not quite complete even after a week’s dura¬ 
tion, we obtained from 5 grains of phosphorous oxide a little over 
4 grams of phosphorus trichloride, 1*5 grams of orthophosphoric 
acid, 0*4 gram of phosphorus and 2'7 grams of phosphorous acid. 

Action of Sulphur .—When phosphorous oxide and sulphur are 
heated together in an atmosphere of carbon dioxide or nitrogen, 
the two substances at first melt and form separate layers of liquid 
At about 160°, however, a violent reaction occurs, and the mixture 
becomes solid. No gas is produced. The solid substance is an addi¬ 
tion product, having, as we shall show, the formula P 4 0 6 S 4 . Direct 
experiments have proved that it is formed quantitatively in accord¬ 
ance with the equation 

P 4 0 6 + 4S = P 4 0 6 S 4 . 
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It may be obtained in well-formed crystals by sublimation in a 
vacuum, or by crystallisation from carbon bisulphide. We propose 
to call it phosphorus sulphoxide. 

Phosphorus sulphoxide may be readily prepared in the following 
manner:—Prom 3 to 5 grams of recently-distilled phosphorous oxide 
are transferred to the bottom of a strong glass tube, closed at one 
end, and previously filled with dry carbon dioxide or nitrogen. The 
requisite amount of sulphur, preferably in the form of small crystals, 
calculated for the above reaction is then added, and the tube sealed 
at the blowpipe, and immersed for the lower half of its length in a 
bath of glycerin, the temperature of which is gradually raised. No 
reaction is apparent up to 155°, the sulphur merely melting at 115°, 
and forming a layer below the phosphoi ous oxide. At a temperature 
varying in different experiments from 154° to 168°, the lower layer of 
sulphur is suddenly projected into the phosphorous oxide, and the 
whole mass is violently thrown up to the top of the tube, with a 
distinct rushing sound.* In two or three seconds, during which time 
the contents of the tube are in rapid motion, the reaction is complete, 
and the internal walls of the tnbe are seen to be covered in the cooler 
portion with feathery, colourless crystals, together with compact 
masses of a yellowish-grey, crystalline solid, which fuses to a viscous 
liquid in the more strongly heated portion of the tube. The heating 
may, of course, be carried out in an air-bath, but in that case it is 
impossible to observe the cnrious phenomena accompanj ing the 
reaction. The product is next transferred to a similar tube, which is 
then exh&nsted by the Sprengel pump and sealed. On heating the 
lower half of the vacuous tube, the sulphoxide sublimes in perfectly 
colourless, strongly-refractive crystals. The sublimation begins at 
about 90°, but the most favourable temperature is about 140—150°, 
A portion of the sublimate at first condenses as a viscous liquid which 
subsequently solidifies to a colourless, vitreous or crystalline mass; a 
large proportion, however, always condenses in the form of feathery 
aggregations, or long needles extending across the tube, or isolated 
rectangular crystals. Analysis has shown that these various forms of 
the sublimate possess the same composition. 

Phosphorus sulphoxide melts at about 102°, and boils constantly 
at 295° (corr.). The melting point is not very sharp, as the sub¬ 
stance seems to become somewhat viscous before it actually liquefies. 
The distilled sulphoxide is pale-yellow, and almost wholly sublimes 

* It is important that the quantities taken should not exceed the amounts 
specified, for if more than 5 grams of phosphorous oxide and its equivalent of 
sulphur are employed, the reaction is so violent that it usually results in a loud 
explosion, the tube being shattered into fragments. The explosion is accompanied 
by the production of an intensely bright flame. 
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in a vacuum, in tlie form of the colourless crystals above described. 
'Three distinct preparations, analysed by oxidation with bromine-water 
and determination of the phosphorus by magnesia mixture and the 
sulphuric acid by barium chloride, yielded the following results:— 

Calculated for 

I. n. m. P 4 0 6 S 4 . 

Phosphorus ... 35*81 35*71 35*94 35*63 

Sulphur. 36*08 36*88 36*36 36*78 

It was at first surmised that the substance might be a mixed 
anhydride, that is, phosphoric anhydride in which a portion of the 
oxygen had been replaced by an equivalent amount of sulphur, or 
P 2 0 3 S 3 ; but that it actually has the composition PAS^, or, in other 
words, is an additive compound of phosphorous oxide and sulphur, is 
established by the determinations of its vapour density. These were 
made by Victor Meyer’s method, in an atmosphere of nitrogen, and at 
a temperature of 350—400°, using a bath of molten lead. No decom¬ 
position was evident, at this temperature; on cooling, the unaltered 
substance was found crystallised on the walls of the cylindrical tube. 
The following results were obtained:— 

Calculated for 

I. n. III. P 4 06S 4 . 

Wt. of substance.. 0*2853 0*3558 0*2700 — 

Density, H = l... 180*4 171*9 170*8 174 

„ air = 1... 12*5 11*9 11*8 12*1 

Determinations II and III were made with crystals obtained by 
subliming the distilled sulphoxide in a vacuum. 

Phosphorus sulphoxide deliquesces rapidly in air, and hence smells 
of sulphuretted hydrogen. It is quickly dissolved by water, forming 
sulphuretted hydrogen and, at first, metaphosphoric acid: 

PAS* + 6H s O = 4HPO a + 4H 2 S. 

The metaphosphoric acid passes, eventually, rapidly if the solution 
is evaporated upon a water-bath, into orthophosphoric acid. Phos¬ 
phorus sulphoxide is readily soluble in twice its volume of carbon 
bisulphide, from which it crystallises unchanged. It is also soluble 
in benzene, upon which, however, it reacts, as the liquid becomes 
dark and sulphuretted products are formed. 

The isolated colourless crystals of phosphorus sulphoxide obtained 
by sublimation in a vacuum consist of rectangular prisms, frequently 
attaining a length of 2 to 3 mm., and a thickness of from 1 to 2 mm. 
A large number of crystals have been examined goniometrically and 
measured, in spite of their rapid deliquescence. This result has been 
-obtained by employing the ingenious little arrangement supplied by 
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Puess, of Berlin, with the large horizontal-circle goniometer. The 
essential part of the arrangement consists of a small closed glass 
chamber, so shaped as to carry in its lower portion a desiccating 
substance, such as calcium chloride or phosphoric anhydride, and 
fitting on the adjusting table instead of the ordinary crystal holder. 
The crystal is enclosed in this dry chamber during the measurement, 
and the signal passes from the collimator to the crystal, and from the 
crystal face to the telescope through two adjacent plate-glass sides. 

In the case of every crystal examined, no faces were observed 
besides those of the rectangular prism and basal plane, all the numer¬ 
ous angles measured being almost and in some cases exactly 90°. On 
examining the crystals, under the microscope, in parallel polarised 
light, looking through one of the three pairs of faces, the crystals are 
always found to be isotropic, while the other faces extinguish parallel 
to the prism edges. In convergent light, the uniaxial circular rings 
and dark cross are seen through the isotropic face, provided the 
crystal is at least 2 mm. thick in this direction; if thinner, only the 
cross is seen, owing to the feeble double refraction. On rotating the 
crystal, the cross appears stationary, and does not, unless badly 
adjusted, break up into hyperbola. The crystals, therefore, appear 
to be uniaxial, or, if biaxial, the angle between the optic axes must 
be exceedingly small. Hence they are probably tetragonal prisms, 
terminated by the basal plane. 

Although several distinct preparations were made, no other faces 
were ever observed, the whole of the crystals being homogeneous and 
exhibiting nothing but pinacoidal faces and basal plane. In order to 
obtain, if possible, crystals showing further forms, so as to enable the 
Axial ratios to be determined, a considerable quantity of the sulphoxidc 
obtained by sublimation in a vacuum was dissolved in carbon 
bisulphide, and the latter slowly evaporated in a vacuum from one 
limb of a V"^ a ^ e t° the other by cooling the second limb with. ice. 
Large, well-formed crystals were again obtained, but they consisted, 
like those formed by sublimation, of tetragonal prisms terminated by 
the basal plane and exhibited no other faces whatever. 

As previously mentioned, the sulphoxide is sometimes deposited, 
generally in that part of the tube nearest the surface of the glycerin 
ol the bath, as a colourless, viscous liquid. On cooling, this solidifies 
to a transparent glass, which sooner or later devitrifies into crystals 
of the same form as the isolated ones. Generally, the formation of 
crystals occnrs an hour or so after cooling, but in one case devitri¬ 
fication suddenly set in several days after preparation, with pro¬ 
duction of fantastic feathery aggregations of the rectangular crystals. 
The fact that the isolated crystals, the vitreous modification, and the 
feathery and acicular forms are composed of the same substance was 
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proved by direct analysis. The feathery forms are merely aggrega¬ 
tions of small, tetragonal prisms, and the needles, similar prisms 
largely developed in the direction of the vertical axis. 

Action of Selenium. —Selenium appears to form a crystalline com¬ 
pound with phosphorous oxide, similar to the snlphoxide, hut owing to 
the fact that the phosphorons oxide is largely decomposed at the tem¬ 
perature of the reaction, the sublimed substance is mixed with the 
products of the decomposition. 

Action of Sulphur Trio tide —When the vapours of sulphur trioxide 
and phosphorous oxide are allowed to act on one another in a closed 
apparatus at the ordinary temperature, white flocks of phosphoric 
anhydride are deposited upon the walls of the apparatus, and sulphur 
dioxide is liberated. When the two oxides are separately placed at 
the two ends of a closed tube fitted with a side tube connected with a 
gas cylinder standing over mercury, and the phosphorous oxide is 
slowly melted down upon the sulphur trioxide, a somewhat violent 
reaction occuts with evolution of heat, formation of phosphoric 
anhydride, and liberation of sulphur dioxide. Even when the re¬ 
action is moderated by cooling with ice, no compound of the two 
oxides appears to be formed, but merely an oxidation of the phos¬ 
phorous oxide at the expense of the sulphur trioxide. 

Action of Sulphuric Add .—Concentrated sulphuric acid dropped 
upon phosphorous oxide occasions a great rise of temperature. Sulphur 
dioxide is liberated and the phosphorous oxide becomes oxidised to 
phosphoric acid. When quantities of a gram and upwards are em¬ 
ployed, the reaction is so violent that the mass generally ignites. 

Action of Sulphur Chloride .—Sulphur chloride, S 2 CI 3 , acts with 
great violence on phosphorous oxide, forming phosphoryl and thio- 
phosphoryl chlorides, free sulphur, and sulphur dioxide: 

PA* + 6S 3 CI s = 2P0C1 3 + 2PSCls + 2SO* + 8S. 

Action of Ammonia .—Ammonia slowly reacts in the cold with 
phosphorous oxide. A small quantity of phosphorous oxide placed in 
a tube over mercniy in an atmosphere of ammonia absorbed a quan¬ 
tity of ammonia corresponding to between 7 and 8 mols. of ammonia 
per mol. of phospborons oxide. When ammonia is led over phos¬ 
phorous oxide melted by the warmth of the hand, in an apparatus 
previously filled with nitrogen, a somewhat violent reaction occurs 
with production of a white cloud; the mass ignites, and a considerable 
quantity of amorphous phosphorus or the red suboxide is formed. 
The violence of the reaction may, however, be controlled by sur¬ 
rounding the flask with iced water. On removing the cold bath and 
again melting by the hand, the same sudden combination with pro¬ 
duction of flame occurs. 



THORPE AND TUTTON: PHOSPHOROUS OXIDE. 


1027 


The reaction between ammonia and phosphorous oxide is more 
easily regulated when the phosphorous oxide is dissolved in benzene 
or ether. When benzene was used as the solvent, the reaction was 
accompanied by a rise of temperature to about 50°, necessitating 
occasional cooling by a cold-water bath. The formation of a white 
solid begins with the passage of the first bubbles of ammonia, and 
it is necessary to shake the flask continually so as to prevent the 
formation of a solid layer upon the surface of the liquid. When 
no more heating is noticeable upon removing the cold bath, the re¬ 
action is at an end, and the benzene may then be evaporated away in 
a vacuum. If the benzene is distilled off over a water-bath, consider¬ 
able decomposition occurs. In two experiments performed in an 
apparatus previously filled with nitrogen, the amount of ammonia 
taken up corresponded to a little over 6N"H 3 and 7KH a respectively. 
The reaction is most readily carried out when ether is used as a 
solvent of the phosphorous oxide, there being but little heating effect 
even when large quantities are used. 15*63 grams of phosphorous 
oxide took up 8*46 grams of ammonia, corresponding to a little over 
7NH S . The same white product is obtained as in the case of phos¬ 
phorous oxide dissolved in benzene, together with smaller quantities of 
a yellowish, viscous or deliquesced substance. The ether may readily 
be removed by gently warming in a current of nitrogen. An analysis 
of 0*843 gram of the solid white substance, separated as completely 
from the viscous substance as possible, showed the presence of 
37*8 per cent, of phosphorus. This corresponds approximately with 

the hitherto unknown diamide of phosphorous acid, OH*P<^J|p 

which contains 38*7 per cent, of phosphorus. A complete separation 
of the diamide from the viscous substance is impossible, owing to the 
highly inflammable nature of the product of the reaction, which takes 
fire at once in contact with the air. 

It appears probable that phosphorous oxide reacts with 8 mols. of 
ammonia with the formation of 4 mols. of phosphorous diamide and 
2 mols. of water, which may further react with production of a 
molecule of the corresponding di-ammonium salt. The appearance of 
deliquescence or formation of small quantities of a viscous substance 
is probably due to the action of the water produced: 


P«0. + 8NHj = 40H-P<*Jg’ + 2H*0; 2H*0 + OH-P<*®‘ 

= °H-P<g| 

PA + 8NH 3 = 30H-P<*®» + OH-P<g*g;. 


Or 


Phosphorous diamide is a white powder which dissolves instantly 
VOL. lix. 4 B 
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in water witli sufficient rise of temperature to induce incandescence. 
When heated in a dry test-tube, ammonia is evolved, then fusion and 
a partial sublimation occur. Treated with moderately dilute hydro¬ 
chloric acid, a violent reaction occurs with liberation of non- 
spontaneously inflammable phosphoretted hydrogen, separation of 
free phosphorus, and formation of a solution of ammonium chloride 
and phosphorous and phosphoric acids. The fact that the gas evolved 
was phosphoretted hydrogen was established by a determination of its 
vapour density by the method described by Thorpe and Rodger in their 
paper on w Thiophosphoryl Fluoride ” (Trans., 1889, 55, 306). The 
■density obtained was 17*4, that of pure phosphoretted hydrogen being 
17*0. In this reaction, the effect of the hydrochloric acid appears to 
be first to form ammonium chloride and phosphorous acid, but the 
heat of the reaction is so great that the latter compound is partially 
converted into phosphoretted hydrogen, phosphoric acid, and free 
phosphorus: 

OH-P<J|? + 2HC1 + 2H*0 = 2NH*01 + P(OH) s . 

Substituted ammonias behave similarly with phosphorous oxide 
dissolved in ether, forming the corresponding substituted diamides of 
phosphorous acid, as white and somewhat viscous solids, which evolve 
phosphoretted hydrogen on the addition of hydrochloric acid, with 
'.separation of yellow phosphorus. 

Action of Nitrogen Peroxide,—A few grams of phosphorous oxide 
were placed in one V a VV"^ a ^ e i an d a corresponding quantity of 
liquid nitrogen peroxide in the other, and the open ends of the 
apparatus sealed. After some days, it was found that the phosphorous 
oxide had become converted into a voluminous mass of what was 
afterwards proved by analysis to be phosphoric anhydride. The red 
liquid nitrogen peroxide had simultaneously become green. On 
•softening one end of the apparatus in a flame, comparatively little 
gas escaped. Hence it appears probable that the phosphorous oxide 
had become oxidised to phosphoric anhydride and the nitrogen per¬ 
oxide reduced to nitrogen trioxide or nitric oxide, which changed the 
original colour of the nitrogen peroxide to green. Ho compound of 
■phosphorous oxide and nitrogen peroxide appeared to be formed, for 
on dissolving the bulky white substance in water violent hissing 
occurred, but no red fumes escaped, and the solution gave no reaction 
with ferrous sulphate. 

Action of Phosphorus Pentachloride ,—Phosphorus pentachloride re¬ 
acts somewhat violently with phosphorous oxide, with considerable 
evolution of heat. The product is a liquid which is raised to its 
temperature of ebullition, unless the containing vessel is cooled by ice. 
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The reaction is complete when the proportion of 6 mols. of phos¬ 
phorus pentachloride to 1 mol, of phosphorous oxide is employed. 
When the liquid has cooled to the ordinary temperature, and no 
further rise of temperature occurs on shaking, it may safely be 
distilled, when it is found to be a mixture of phosphorus trichloride 
and phosphoryl trichloride: 

P 4 0 6 + 6 PCI 5 = 6 POCI 3 + 4PC1*. 

Action of Phosphorus Trichloride. —Phosphorus trichloride and 
liquid phosphorous oxide are miscible without action at ordinary 
temperatures, and practically the whole of the phosphorus trichloride 
may be distilled off unchanged. When heated together in a sealed 
tube at 180° for some hours, however, provided the phosphorus tri¬ 
chloride is not present in more than the proportion of 4 mols. to 
1 mol of phosphorous oxide, the whole is converted into solid products. 
As the temperature is rising towards 180°, a white solid commences 
to be deposited, which rapidly turns yellow and then red. The forma¬ 
tion of the solid continues until the whole mixture is solid. The red 
solid is found to consist of a mixture of phosphorus pentachloride, 
phosphorus pentoxide, and amorphous phosphorus. The phosphorus 
pentachloride may be i*eadily extracted by carbon bisulphide. Phos¬ 
phorus trichloride, therefore, appears to react with phosphorous oxide 
only at a temperature approaching the boiling point of the latter, and 
in a closed apparatus under these circumstances does not form phos¬ 
phoryl trichloride, but a mixture of pentachloride and pentoxide of 
phosphorus together with amorphous phosphorus. 

Hydrogen, phosphoretted hydrogen, carbon monoxide, carbon di¬ 
oxide, sulphur dioxide, nitrogen, nitric oxide, cyanogen, and ethylene 
have apparently no action upon either cold or warm phosphorous 
.oxide. 


XGI. —Researches on the Gums of the Arahin Group . Part II, Geddic 
Acids, Gedda Gums ; the Dextrorotatory Varieties . 

By C. O’Sullivan, F.R.S. 

In Part I of this paper (Trans., 1884, 45, 41), I described arabic 
acid and its decomposition products, and gave a general idea of the 
nature of the laevorotatory gums. Although many new facts con¬ 
nected with some of the decomposition products, especially with 
arabinose, have since been brought to light, they do not materially 
alter the general conclusions arrived at and described in the paper in- 

4 B 2 
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dicated. This will he obvious from the facts with which I have to deal 
in this part, which is devoted to a description of some of the dextro¬ 
rotatory grans. 

Scheibbler (Her., 6, 612) states that the gnm obtained from the 
beet of one season frequently differs from that from the beet of 
another in optical activity, that yielded by one season being dextro¬ 
rotatory and of another lsevorotatory. He also shows that gnm arabic 
from different sources does not always rotate the polarised ray in the 
same direction or with the same power. I have examined many 
samples of gnm arahic—Levantine, Senary, East Indian, and Turkey 
gnm—and although I have found them vary in optical activity, I 
have not found one sample dextrorotatory. On the contrary, I have 
found but few samples of gedda gum lsevorotatory; the dextrorotatory 
samples predominated. It is to the latter varieties I shall confine 
myself on this occasion. 

The gum known in commerce as gedda gum is, in appearance, very 
similar to the inferior kinds of the arabin gums, but, as a rule, the 
pieces of the former are smaller, and more varied in colour and size 
than those of the latter. The pieces of the gedda gum are irregular 
in shape, imperfectly rounded, being evidently rounded masses broken. 
The general appearance of these gums gives one the idea of a rather 
heterogeneous mixture. 

Sample of Gedda Gum A. 

This, the first sample examined, was obtained from the dealers 
as gedda gum. A few of the whitest and most glassy pieces were 
selected. This portion was divided into two fractions by dissolving 
in a little water, partially precipitating with alcohol, in presence of 
hydrochloric acid, decanting the clear alcoholic solution, and obtaining 
a further precipitate by adding more strong alcohol. Each fraction 
was purified by redissolving in water and reprecipitating with alcohol 
three or four times, and the syrupy precipitates thus obtained were 
converted into a powder by treating them with alcohol sp. gr. 0*82 
and rubbing them down with it. Each portion was then dried, first 
in a vacuum over sulphuric acid, and finally in a current of dry air 
at 160° under diminished pressure, and a determination of the optical 
activity made; that of the more soluble fraction, that is, the one separated 
from the alcoholic solution by the further addition of strong alcohol, 
was found to be [a] D = +64°, and that of the less soluble fraction 
[a] D = +45°. Erom this it was obvious that even the apparently 
purest pieces of the gum were not homogeneous, but consisted of a 
mixture of two or more substances. It was consequently manifest 
that it wa& useless to hand-pick the gum, and that the most conve¬ 
nient method of working was to fractionate the material as a whole. 
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The Ash and Water in the Semple of Gedda Gum A. 

Before proceeding with the fractionation of the gam, I thought it 
desirable to acquire some knowledge of the amount of ash in the gum 
and the constitution thereof, and also of the amount of water. 

The gum was roughly hand-picked into three fractions, viz.:— 

A a, consisting of white pieces. 

AS, „ amber „ 

A c, „ reddish „ 

15*404 grams of A a gave 0*469 gram ash after treatment with am¬ 
monium carbonate. 

10*534 grams of A b gave 0*341 gram ash after treatment with am¬ 
monium carbonate. 

24*146 grams of Ae gave 0*738 gram ash after treatment with am¬ 
monium carbonate. 

An analysis was made of each of these ashes; the results are as 
follows:— 


Percentage on Orude Gum . 


! 

i 

CaOO s . 

MgCO s 

K 3 CO 3 . 

Total. 

Ash. calculated 
from figures 
given. 

A a . 

2*56 

0-18 

0-27 

3*01 

3*04 

A.b . 

2-58 

0*38 

0*32 

3*28 

3*24 

Ac.. 

2-30 

0*27 

3*50 

3*07 j 

3*06 


A determination of the water was made in each fraction with the 
following results:— 

1*001 grams of A a , finely powdered, lost 0*117 gram in a vacuum, and 
a further 0*031 gram in a current of dry air, at 250 mm. pressure 
and 100°. 

1*515 grams of A 6, finely powdered, lost 0*204 gram in a vacuum, and 
a further 0*048 gram in a current of dry air, at 250 mm. pressure 
and 100°. 

1*626 grams of A c, finely powdered, lost 0*212 gram in a vacuum, and 
a further 0*036 gram in a current of dry air at 250 mm. pressure 
and 100°. y 

The weight did not become constant in a vacuum over sulphuric 
add, but when the loss leached the stage given, the decrease was so 
w slow that I did not consider it of importance, under the circumstances. 
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to continue the drying further; I have no doubt, however, the gum 
would lose all its water in a vacuum over sulphuric acid at the or¬ 
dinary temperature. 

From these numbers the following percentages are calculated:— 

A a = 14*78 per cent, water. 

A b = 16*68 „ „ 

Ac =16*25 

These figures, those obtained for the ash, and its constitution, 
show, again, that the gum is not homogeneous. I shall have to 
further consider the ash later on. 

The next step was to determine the number and nature of the or¬ 
ganic constituents into which the gum could be separated. 

The whole gum was dissolved in as little water as possible, the 
solution placed upon a dialyser and hydrochloric acid added a little at 
a time until the liquid on the dialyser was found to be free from calcium, 
and then until the hydrochloric acid had also disappeared, or, at least, 
until not more than a trace of it remained To the solution thus 
freed from ash, alcohol of sp. gr. 0*83 was added until about five- 
sixths of the solid matter therein was precipitated; the precipitate 
thrown out of solution in this way separated as a syrup, thus differing 
completely from the arabin gum acids, which, under like conditions, 
are thrown out as curdy precipitates. When the supernatant liquid 
became clear, it was decanted off the syrup, and stronger alcohol added 
to it as long as a precipitate formed; this most soluble portion we 
shall call fraction a . The syrupy precipitate was redissolved in a 
little water, and alcohol added to the solution in sufficient quantity to 
throw down three-fourths of the solid matter it contained; fraction 
b was taken out of the clear supernatant liquid by the addition of 
stronger alcohol. Proceeding in the same way, the second precipitate 
was divided into fractions e and d. 

A portion of each fraction was converted into a brittle, whitish 
powder by treatment with alcohol of sp. gr. 0*82. A few grams of 
each of the powders were dried in a vacuum over sulphuric acid for 
three or four days and then at 100° under a pressure reduced to 
200—250 mm. mercury, until the weight became constant. When 
these substances are heated at 100° before the greater part of the 
water and alcohol they contain is eliminated by drying in a vacuum 
over sulphuric acid, they, like the arabic acids, are so changed as to 
swell up when afterwards treated with water into a jelly-like mass, 
without dissolving. They also -undergo this change if they are kept 
in the undried state for a few months. This is the so-called meta¬ 
modification. On the contrary, when dried as indicated above, they 
remain soluble and show no sign of being converted into the jelly- 
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yielding modification. A determination of the optical activity of each 
of the dried fractions was made with the following results:— 

a. 4*608 grams substance dissolved to 100 c.c. solution, sp. gr. 

= 1*01733; optical activity, in a 200-mm. tube, for sodium 

flame = +5*37°. 

b . 8*569 grams substance, 100 c.c. solution, sp. gr. 1*03248; optical 

activity a D = +9*29°, in a 200-mm. tube. 

c. 5*090 grams substance, 100 c.c. solution, sp. gr. = 1*01949; 

optical activity a D = +4*64°, in a 200-mm. tube. 

d. 8*270 grams substance, 100 c.c. solution, sp. gr. = 1"03237; 

optical activity a© = +5*73°, in a 200-mm. tube. 

These numbers lead to the following results:— 

a. [a]* = +58*2°; D = 376.* 

b. [a] D = +54*2°; D = 3*78. 

c. [>] D = +45*5°; D = 3*8*2. 

d. [a] D = +34*6 C ; D = 3*91.f 

A barium salt of each of these fractions was prepared by exactly 
neutralising a portion of a solution of each with clear baryta-water, 
carefully neutralised litmus paper being used as an indicator, adding 
alcohol, and rubbing down the waxy precipitate with alcohol of 
sp. gr. 0*82 to a powder. Dried as usual, that is, first in a vacuum 
over sulphuric acid and finally in a current of dry air at 100° under 
a pressure of 100—120 mm. mercury, the salts yielded 'on analyses 
the following results:— 

a = 5*31 per cent. BaO. 
b = 5*77 
c = 6*29 
d = 7-30 

The optical activity of the organic portions of the salts was practi¬ 
cally the same as than of the free acids before neutralisation. 

Prom these experiments, it is obvious that this sample of gedda 
gum contains at least two acids of very different optical activity and 
neutralising power. 

It now became necessary to determine if there were more than two 
acids in the gum. With this object in view, fraction a was first 
examined. To its solution in as little water as possible, sufficient 

# D = a number calculated from the Bp. gr. by rejecting the unit, multiply¬ 
ing the decimal by 1000, and dividing the product by the weight of substance in 
grams in 100 c c. solution. It is a good comparative number. 

f High D, due to presence of ash. 
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•alcohol was added to precipitate a very small quantity of it; this tv as 
rejected, and a further addition of alcohol made to the clear super¬ 
natant liquid until a quantity estimated at one half the solid matter 
in solution was thrown out; this fraction, a 2 , was allowed to settle 
until the supernatant liquid became clear, when the remainder of the 
gum acid was precipitated by adding an excess of strong alcohol; 
this is called fraction a x . These gum acids are soluble to a con¬ 
siderable extent in alcohol weaker than sp. gr. 0*87; hence, in dealing 
with them as indicated here, it is necessary to keep the solutions 
concentrated. When pure, they are easily tc milked,” that is, they 
form, when treated with alcohol, milky solutions in which the further 
addition of strong alcohol does not produce a precipitate; a drop or 
two of hydrochloric acid separates the gum acid completely from these 
solutions. The ammonium, potassium, and sodium salts of these gum 
acids are not precipitated from their solutions by the careful addition 
■of strong alcohol, but a milky liquid is produced from which most 
acids precipitate the gum acids. It may, therefore, be that the 
milking of the gum acid solution with alcohol, as described above, is 
■due to the presence of ammonium salt; I have little doubt, however, 
that the pure acids cau be made to yield milky solutions with 
alcohol. 

A determination of the optical activity of fractions a x and a*. 
yielded the following results:— 

ag. [a] D = 4-58*5°. 
u 3 . [ajn = +58*5°. 

These numbers are the same as that obtained for the undivided 
fraction; hence, that portion was a homogeneous substance. In 
oi-der, however, to have duplicate numbers, I prepared barium and 
calcium salts of the two fractious a x and a> for analyses. These 
salts were made in the same way as the barium salts of the fractions 
■described above. They were dried as usual, and yielded, on analysis, 
the following results:— 

ai- 1*795 grams barium salt gave 0*1435 grams BaSO*. 

1*589 „ „ 0*1110 „ BaOOj. 

7*092 „ „ 100 c.c. solution at 15*5°. 

sp. gr. = 1-02952. 

10*0 

This solution, in a 200-mm. tube, had an optical activity a D = 7*73’. 

* The weight of the liquids at 15*5 compared with the same hulk of water aLo at 
15*5°. These are the conditions under which all the sp. gr. experiments, were made. 
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a 2- 1*996 grams of barium salt gave 0*1625 gram BaS0 4 . 

0*853 „ „ 0*0585 „ BaCO,. 

8 158 „ „ 100 c.c. solution at 15*5. 

Sp. gr. 1*03386. 

This solution, in a 200-mm. tube, had an optical activity a D = 9*01°. 

In determining the barium as sulphate in these salts, when the 
sulphuric acid is added to the solution, the sulphate is precipitated in 
such a form as does not admit of its being filtered, nor does it settle 
out; in fact, thrown on to a filter of the very best Swedish paper, it 
passes through readily. On digesting, however, with an excess of 
sulphuric acid for some time, until, in fact, the gum acid is broken 
down, the barium sulphate can be easily separated. 

The carbonate was prepared by igniting the salt, and treating the 
white ash with ammonium carbonate. 

The numbers lead to the following results, viz.:— 

ai. 5*36 per cent. BaO from sulphate; 5*42 per cent, from carbonate. 

03. 5*34 „ „ 5*33 „ „ 

a i. [a]p = +57*5° for organic acid* 
a*- [" a 3n = +58 3° „ 

a x . D = 4*16; 03. D = 4*15. 

oi. 1*834 grams calcium salt gave 0*0714 gram CaC0 3 . 

os. 1*812 „ „ 0*0641 

The carbonate was prepared in the same way as the barium 
carbonate. 

7*490 grams calcium salt of Oi gave 100 c.c. solution at 15*5° of 
sp. gr. 1*03019. This solution had an optical activity, in a 
200-mm. tube, = +8*60°. 

7*668 grams calcium salt of gave 100 c.c. solution at 15*5°. of 
sp. gr. 1*03130. This solution had an optical activity, in a 
200-mm. tube, = 8*84°. 

These numbers lead to the following results:— 

a L . 2*18 per cent. CaO. 

Q 2 * 1*98 „ 

&i. = + 58*6°. 

Ua* £&[}i> = *4“ 58*8°. 

aj. D = 4*03; di. D = 4*08. 

These results leave no doubt that we have a homogeneous substance, 
in a pure state, to deal with. For reasons which I shall give in the 
.sequel, 1 propose to call this body tetrarabina ntrigalaetangeddic acid. 

* In all cases the specific rotatory power is calculated for the substance free from 
ash. 
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This acid, as I have already to some extent pointed out, differs very 
materially from arabic acid; it is precipitated from its aqueous solu¬ 
tion by alcohol as a syrup, whilst arabic acid is thrown out as a curdy 
precipitate; it is soluble, to a considerable extent, in alcohol of 0*87, 
arabic acid is almost insoluble in alcohol of that strength; its optical! 
activity is [a] D = -f- 58° to + 59°, that of arabic acid [a]x> = —24 to—25°; 
and its barinm salt contains 5*33 per cent, of barium, whilst barium 
arabate yields 6’00 per cent., showing that the geddic acid has a larger 
molecular weight. "With these differences and the many agree¬ 
ments between the two acids, it is a matter of some interest to* 
determine in what relationship they stand one to the other; this shall 
be a question for future work. I must confine myself, on this- 
occasion, to a consideration of the geddic acid. 

We have now to turn our attention to the b fraction described 
above. It was separated, by partial precipitation with alcohol, in 
the same manner as that described in dealing with fraction a, into- 
three fractions, viz., b i9 b*, and 6*, of which bi was the largest and 
most soluble. A determination of the optical activity of each of 
these fractions was made after the manner already described when 
dealing with the a fractions, with the following results:— 

him £ a 3u = "I" 56*0°. 

K Wd = +49*5°. 

&3« [fit ]d = +46*8°. 

On again fractionating hi, a large and most soluble fraction was 
obtained, the optical activity of which was found to be [a]u — 
+ 58° to +59°; a small, least soluble fraction had [a] D = +48°, and 
there were fractions with intermediate activities; all of these were 
divisible into a fraction [a] D = +58°, at the most soluble side, and 
one of [a] D = 48°, at the most insoluble one, there being no indivisible 
fraction with an activity between the two. 

From these figures and facts it is evident that the b fraction con¬ 
tained at least two compounds, tetrarabinantrigalactangeddic acid 
and a substance of lower optical activity. 

The whole of the fractions the optical activity of which was 
[a] B = +48° to +49°, from b x and & 3 , were mixed, and divided into 
two, by dissolving in water, adding sufficient alcohol to throw out 
about one half the solid matter, allowing to stand until the super¬ 
natant liquid became clear, decanting, and precipitating the remainder 
by adding strong alcohol; this, the more soluble portion, we shall 
call a; the first precipitate is J3. The optical activity of these 
fractions was found to be— 

6a. [a] D = +49 0°. 

6/3. [a] B = +48-6. 
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These, then, constitute a definite and distinct fraction. A barium 
salt was prepared of the a portion of it, in the way already described. 

1*729 grams of this salt, dried as usual, gave 0*160 gram BaS0 4 . 

6*756 grams of this salt, dried as usual, gave 100 c.c. of sp. gr. 
= 1*02943. This solution, in a 200-mm. tube, had an optical 
activity = +3*14°. 

These numbers lead to the following results:— 

BaO = 6*08° per cent. 

[a]x, = -f 49*5° for acid. 

D = 4*35. 

Further, the barium salts of several fractions, analyses of which 
will be given later on, gave percentages of barium oxide varying 
between 5*9 and 6*1. 

It is clear from these factors that we have in this fraction a second 
acid, in the pure state. For reasons which shall be given, I propose 
to call it triarabinantrigalactangeddic acid . 

This acid is equal in neutralising power to arabic acid, but it differs 
from it in its optical activity; in being, like the former geddic acid, 
precipitated from its aqueous solutions by alcohol as a syrup; and in 
being more soluble in alcohol. In fact, there is no difficulty in 
separating it from arabic acid by fractional precipitation, the arabic 
acid being thrown out first. 

As shown above, the c fraction of the gum acid had an optical 
activity [a]n = +45*5°; in the isolation of the geddic acid just 
described, many fractions were obtained, all with a lower optical 
activity than triarabinantrigalactangeddic acid; hence, there must be 
in the gum a lower rotating acid then that just described. 

All those portions with [a]j> = +43° to +46°, including thee fraction, 
were mixed, dissolved in a little water, and alcohol gradually added, 
with continual stirring, nntil a portion, estimated at 90 per cent, of 
the total solid matter in solution, was precipitated. The precipitate 
was allowed to subside, the supernatant liquid, when clear, was 
decanted off, and strong alcohol added as long as a precipitate was 
produced. The optical activity of this fraction was found to be 
[a]i> = 48—49°, hence it was triarabinantrigalactangeddicacid. The- 
remaining 90 per cent, precipitated by the first addition of alcohol was 
again dissolved in a little water, and about 90 per cent, of it pre¬ 
cipitated by the gradual addition of alcohol; fraction c x was taken 
from the clear supernatant liquid by adding strong alcohol. The 
operation was again repeated with the precipitate until fractions c 2i «s, 
c 4 , and c 5 , were obtained, c x being, of course, the most soluble. The 
optical activity of these fractions was found to be 
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Ci, [a] d = 4-46°. 

Ci* Mo = +48°. 

e 3 . [>Jd = +42°. 

c 4 . [4n = 4-43°. 

<*5» Md = 4-36°. 

Ci admitted of being split up into two fractions, the one [a] D = 4-49° 
triarabinantrigalactangeddic acid on the most soluble side, and the 
other [alj) = 4-43° on the least soluble one, there being no interme¬ 
diate indivisible fraction. 

All the portions [a] D = 4-42° to 4-48°, were again mixed and 
divided into three fractions, col, eft, and cy, ccl being the most soluble. 
An examination of the barium salts of each of these fractions led to 
the following results:— 

2*864 grams salt of col, dried as usual, gave 100 c.c. solution, sp. gr. 
1*01222. This solution, in a 200-mm. tube, rotated the polarised 
ray ol d = 4-2*80°. 

2*908 grams salt, of c/3, dried as usual, gave 100 e.e. solution, sp. gr. 
1*01237. This solution, in a 200-mm. tube, rotated the polarised 
ray a D ss 4-2*33°. 

<3*126 grams salt of 67 , dried as usual, gave 100 c.e. solution, sp. gr. 
1*01300. This solution, in a 200-mm. tube, rotated the polarised 
ray = 2*50°. 

0*716 gram salt of col, dried, gave 0*072 gram BaS0 4 . 

From these numbers we have the following:— 

col, [a] D = 4 - 43 * 0 °; D = 4*27 ; BaO = 6*60 per cent. 
rf*. [4 = 4-42*8°; D = 4*25. 
c 7 - Mu — 4-42*6 °; D = 4*16. 

The D of the salts of the cy fraction shows that the preparation 
was not quite dry. 

Several other barium salts were found to contain from 6*65 to 6*65 
per cent. BaO. 

This portion which admitted of being thus divided is, therefore, a 
third acid in a pure state; I shall call it diarabinanirigalactangeddic 
add . The precipitate of this acid thrown out of the aqueous solution 
by alcohol is less syrupy than that of the other gum acids described. 

Proceeding in the same way with the portions having an optical 
activity less than [a] B = 4-43°, I succeeded in eliminating a fraction 
Mo *= 4-36°, which admitted of being divided into three fractions of 
the same optical activity. In doing this there was a less soluble 
moall portion on one side, and the more soluble diarabinantrigalactan- 
geddio acid on the other. This is a fourth gum acid; we shall call it 
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mona/rabinantrigalaciangeddio add . Its calcium salt yielded, on ana¬ 
lysis, the following results:— 

0*672 gram dried substance gave 0*0428 gram CaC0 3 . 

2*688 grams „ „ 100 c.c. solution, sp. gr. 1*01124. 

This solution, in a 200-mm. tube, rotated the polarised ray 
&V = +1*91°. Prom these figures we have:— 

CaO = 3*5 per cent. 

[a]i> = +36*7° for acid. 

3*50 CaO = 7*30 BaO. 

The portion of the dialysed gum less soluble than this acid, I 
neglected, as it was small in quantity, much coloured, and not 
easily worked. I, however, determined that it contained a nitro¬ 
genous compound, easily soluble in acids and alkalis, which in alka¬ 
line solution gave a beautiful purple colour, when treated with a few 
drops of alkaline copper solution (Pehling’s solution). On boiling 
this, a portion of the copper oxide was reduced to red oxide; this is 
due, probably, rather to the presence of some gum acid than to the 
nitrogenous substance. 

I have so far shown that the gum consists of the calcium, mag¬ 
nesium, and potassium salts of four acids, which I have named and 
characterised as follows :— 

Tetrarabinantrigalactangeddic acid, [a] D = +58—59°; per cent. 
BaO in barium salt = 5*33, 

Triarabinantrigalactangeddic acid, [a] D = +48—49°; per cent, of 
BaO in barium salt 5 = 6*00, 

Diarabinantrigalactangeddic acid, [a] D = +42—43°; per cent. BaO 
in barium salt = 6*60, 

Monarabinantrigalactangeddic acid, [ajp = +36—37°; per cent. 
BaO in barium salt = 7*30, 

and a nitrogenous substance of the character of a proteid. 

The names applied to the acids give some idea of their constitution, 
but, of course, at this stage of the investigation, I did not possess the 
data which enabled me to apply these terms to them; that knowledge 
was the result of an examination of the products of the action of 
sulphuric acid on the acids themselves. 

A solution containing 30 grams of tetrarabinantrigalactangeddic acid 
in 90 c.c. was heated to 92—95° in a water-bath, and 10 c.c. dilute 
sulphuric acid containing 2 grams acid, heated to the same tempera¬ 
ture, was added to it. The digestion was then continued for 15 
minutes, when the solution was rapidly cooled. To the cold solution, 
alcohol of sp. gr. 0*82—0*83° was added as long as a precipitate 
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formed. The sugar or sugars remained in the alcoholic solution, 
whilst the gum acid or acids were in the precipitate. 

I shall deal with the alcoholic solution first. This was neutralised 
'ttith strong baryta-water, the barium sulphate and a little barium 
salt of a gum acid allowed to settle, and the clear solution decanted. 
The precipitate was washed several times on a filter with alcohol of 
O'SS. and the washings added to the original solution, in which 
they invariably produced a cloudiness, due to the presence of a little 
baiium salt. The alcoholic liquid was then evaporated, in a vacuum, 
to a syrup, which, on standing for a few hours, became a mass of 
crystals; after standing for some days, these were washed with dry 
methyl alcohol and dried. An examination of the crystals showed 
that they had a higher optical activity than 0-arabinose* (Trans, 
1 Q 84, 45, 41), namely, [a)n = 4-115°; the reducing power being 
K = 105—106°. They were redissolved in a little water and the 
solution allowed to stand for some time, when crystals appeared, 
n hich showed a habit somewhat different from the arabinose from 
arabic acid, although they undoubtedly belonged to the same system. 
The sugar agreed in all its other properties with arabinose, its optical 
activity, &c., being identical, as shown by the following experiments:— 


c .t 

D. 

[«]»• 

K. 

I. 4-960 

3-828 

+104-2° 

/ a 108 3. 
\ b 109-3. 

n. 4-459 

3-860 

+105-4° 

1103. 

ID. 4-543 

3 860 

+104-6 C 

110-3. 

IV. 4-846 

3-861 

+104 7° 

109-9. 


The mother liquors, those in the methyl alcohol washings as well 
as the aqueous ones, were mixed and evaporated in a vacuum to a 
strong syrup. This was treated with dry methyl alcohol, which 
separated a few grams of barium salt of gum acid; this we shall deal 
■with later. The solution was again concentrated to a syrup in a 
vacuum, and the syrup dissolved in a little methyl alcohol; this 
solution yielded a further crop of arabinose on standing. On freeing 
♦ the mother liquor from alcohol, the optical activity of the solid matter 
in solution determined from the sp. gr. was found to be [a] D = 4-160°. 
Arabinon was isolated from this as described (Trans., 1890, 57, 59). 
There was no evidence of any other product; all the factors of the 
solid matter agreeing with mixtures of arabinon and arabinose. 

* Since the publication of the paper quoted here, much has been done to enable 
u* to identify arabinose absolutely. Had I had the same means at my disposal then, 
T should not have used the term jS-arabinose: the sugar is undoubtedly arabino se, 
,<z-arabmo8e being the sugar I have since described as arabinon. 

f ff — grams per 100 e.c. 
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There was present, indeed, a small quantity of a non-crystallisable 
substance of low rotating power, which yielded no mucic acid on 
treatment with nitric acid, showing the absence of galactose 
( 7 -arabinose) or a galactose-yielding substance. In the paper just 
quoted, I showed that arabinose, when digested with sulphuric acid 
for a short time, yields a low-rotating, syrupy substance of the same 
kind; hence, it can fairly be concluded that the small quantity of 
the substance mentioned is derived from arabinose by the action of 
the sulphuric acid. It is, therefore, clearly established that arabinon, 
arabinose, and the precipitate with alcohol are the only products of 
the first quarter of an hour’s action of sulphuric acid on the geddic 
acid. 

We have now to turn to an examination of the precipitate. This 
was dissolved in a little water and again precipitated, the operation 
being repeated until the precipitate was free from sulphuric acid. 
The alcoholic solutions thus obtained were added to that the results 
of the examination of which are given above. 

A portion of the syrupy precipitate was dissolved in water, and the 
•solution boiled until free from alcohol. The sp. gr. of this solution 
was found to be 1*03362, hence 8*8466 grams snbstance in 100 c.c. 
-(taking mean value for sp. gr.), and its optical activity in 200 -mm. 
tube a D =2 +4*45°. This gives a specific rotatory power for the solid 
matter [a] D = +26°. 

The remainder of the syrup was dissolved in a little water and 
divided into two fractions, S s , more soluble, and S 1; less soluble, by 
treatment with alcohol, as already described. Barium salts were made 
«of a portion of each of these fractions in the usual way. On analysis 
they yielded the following results:— 

0*670 gram Sx, dried at 100°, gave 0*080 gram BaSO*. 

0*713 „ S s „ „ 0*085 

2*682 grams Si „ „ 100 c.c. solution, sp. gr. 101201 , 

and rotated the ray in 200 -mm. tube = 4 - 1 * 21 °. 

2*852 grams S 2 , dried at 100 °, gave 100 c.c. solution, sp. gr. 1*01254, 
and rotated the ray a D in 200 -mm. tube = 4-1-38°. 

(From these numbers we have— 

51. 7*84 per cent. BaO in barium salt. 

5 2 . 7*83 „ 

Sl [a] D = 4-24*7° for organic acid; D = 4*48. 

S 3 . Wd = 4-26*3° „ D = 4*40. . 

A consideration of these factors makes it clear that we had in the 

-precipitate a pure, homogeneous compound; I shall call it geddimsic 
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acid ; it differs completely/as we have seen, from either of the natural 
gum acids in optical activity and neutralising power. 

The gum acid salt of barium precipitated on neutralising the alco¬ 
holic solution with baryta-water, and the small quantity of barium 
salt insoluble in dry methyl alcohol obtained when treating the syrup 
as described above were, upon examination, found to contain slightly 
more barium, and to have a somewhat less optical activity than the 
barium salts just described; the meaning of this will be clear later on. 

It was difficult to separate the organic barium salt precipitated 
with the barium sulphate from the latter; the separation was accom¬ 
plished, however, by boiling the precipitate with water, filtering, 
washing the residue with boiling water (the filtrate was quite milky 
from barium sulphate), evaporating the filtrate till it became mode¬ 
rately concentrated, and then adding alcohol drop by drop until a 
slight portion of the barium salt was rendered insoluble; this took 
down with it the barium sulphate, and left the supernatant liquid 
clear. The organic barium salt was obtained by further addition of 
alcohol to the clear supernatant liquid. 

Geddinosic acid, prepared and purified as above described, was 
acted upon with sulphuric acid. A solotion of it was prepared con¬ 
taining in 100 c.c. about 25 grams of the dry acid, heated in a water- 
bath, and 2'5 grams of sulphuric acid, previously diluted, added to it. 
The digestion was then continued for 15 minutes, after which the 
liquid was allowed to cool, when strong alcohol was added to it as 
long as a precipitate formed. 

The alcoholic solution and the precipitate were examined in the same 
way as is described above. The solution contained arabinon in very 
small quantity, arabinose, and a little gum acid. There was no galac¬ 
tose, no mudc acid being produced by the action of nitric acid on the 
sugars, and other sugars than arabinon and arabinose were proved to 
be absent by crystallising the arabinose, and finding that the solid 
matter in the mother liquors, when freed from arabinon, had an 
optical activity not far removed from arabinose. In this case, how¬ 
ever, it must he stated that altogether but very little sugar, in 
proportion to the geddinosic acid taken, was produced. 

The precipitate, purified from sugars and sulphuric acid by repeated 
precipitation with alcohol, and finally by dialysis, was divided into 
four fractions by partial precipitation with alcohol, after the manner 
already described, G 2 being the most, and G 4 the least soluble fraction. 
The optical activity of these fractions was found to be— 

Gi. [ a ]n = -+* 26*8°. > 

G 2 . [a]* = +24-4°. 

G* [<*]*:= +22*2°. 

G 4 . [a] D = +22*2°. 
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Fractions G x and Gr 3 are practically unaltered geddinosic acid. Gf* 
and G 4 are products of tlie action; these were mixed and again 
divided into two fractions, G a and G ft. Barium salts were prepared of 
portions of each of these fractions; they yielded on analysis the 
following results :— 

1*828 grams of G a, dried as described, gave 0 201 gram Ba0O 3 . 
1*803 „ Gft „ „ 0*199 

7*596 „ , Ga „ „ 100 c.c.solution, sp. gr. 

1*03432, and had an optical activity et D = +3*08° in a 200-mm. 
tube. 

7*434 grams of G ft, dried as described, gave 100 c.c. solution, sp. gr. 
1*03351, and had an optical activity a D = +3*02 J in a 200-mm. 
tube. 

From these numbers we have :— 

G a. 8*54 per cent. BaO in the barium salt. 

Gft. 8*56 

Got. [a] D = +22*2° for acid ; D = 4*52 for barium salt. 

Gft . [«]b = +21*9° „ D = 4*51 

These numbers show that this is another acid in the pure state; I 
propose to call it trigalactangeddic acid. 

Taking into consideration the very small proportion of sugar pro¬ 
duced by this further 15 minutes’ action of sulphuric acid on geddinosic 
acid, this new acid may be looked upon as a distinct resting stage in 
the action of sulphuric acid on tetrarabinantrigalactangeddic acid. 
That such is the case was proved by acting on that acid, in the 
way described, for 40 minutes, when it was found that trigalactan¬ 
geddic acid, with practically the same neutralising power and optical 
activity as given above, was the only substance formed in quantity 
besides the sugars. 

As can be seen from these experiments, neither of the acids found 
ready formed in the gum are amongst the products of even 15 minutes’ 
action of sulphuric acid on the higher acid; hence it would appear 
that neither of the lower gum acids is a resting stage in the action of 
sulphuric acid on the higher one. It seemed to me, however, worth 
determining whether or not it was possible to so modify the action of 
the sulphuric acid on the higher acid as to obtain one or all three of 
the lower ones. 

50 grams of dry tetrarabinantrigalactangeddic acid, 2*5 grams of 
sulphuric acid, and 60 grams of water were digested for five minutes 
at 98—99°. The gum acid was dissolved in a portion of the water, and 
heated to the temperature mentioned; the sulphuric acid was added 

VOL lix. 4 c 
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to the remainder of the water, and the diluted acid boiled, the liquids 
were then mixed, and the digestion continued in a water-bath. At 
the end of five minutes, the solution was cooled as quickly as possible, 
and strong alcohol added as long as a precipitate was produced. 
The alcoholic solution and the precipitate were examined in the same 
way as has been described in treating of the other conversions. 

The sugars in the solutions were arabinon in large quantity, as 
might be expected, and arabinose; there was no galactose. 

In purifying the gum acids from the sugars, the ldw solubility of 
arabinon in strong alcohol had to be taken into account; the pre¬ 
cipitate was dissolved in a little water and alcohol of sp. gr. 0*85 
added in insufficient quantity, so as not to precipitate the acids com¬ 
pletely. The clear supernatant liquid was then neutralised with 
baryta-water, upon which a precipitate of barium sulphate and the 
barium salt of a gum acid were precipitated; these were collected 
and washed with dilate alcohol. The filtrate was evaporated in a 
vacuum to a syrup, which was dissolved in a little methyl alcohol, and 
strong alcohol (0*820) added; some barium salt of a gum acid was 
precipitated, and the mixture put aside to allow the supernatant liquid 
to become dear. On examining it at the end of a few days, it was 
observed that the slight syrupy precipitate and the sides of the -vessel 
were covered with sphero-crystals; these, I have reason to believe, are 
arabinon. I mention this matter here simply to indicate the direction 
in which that sugar is to be looked for in quantity, and the possibility 
of obtaining it in the crystallised state. 

The precipitate, with insufficient alcohol, was purified on the lines 
indicated, and divided into three fractions, Ti, T 2 , and T s , T 2 being 
the most soluble. The ap and D of these fractions were deter min ed 
with the following results:— 

3*198 grams Tj, dried as usual, gave 100 c.c. solution, sp. gr. 

1*01230; this, in a 200-mm. tube, had an optical activity 

= +2*17°. 

3*200 grams T a , dried as usual, gave 100 c.c. solution, sp. gr. 
1 *01210; this, in a 200-mm. tnbe, had an optical activity 
a D = +2*00°. 

2*842 grams T a , dried as nsual, gave 100 c.c. solution, sp. gr. 

1-01086; this, in a 200-mm. tube, had an optical activity 

= +1*84°. 

JTrom these numbers we have:— 

T a . [a] D = -f 33*9°; D = 3*85. 

T s . [a] B == +31*2°; D = 3*79. 

T 8 . [a]n = +32*4°; D = 3*82. 
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A portion of tlie purified undivided precipitate was converted into 
a 'barium salt. 

3*470 grams dry salt gave 100 c.c. solution, sp. gr. 1*01526 ; this, in 
a 200 -mm. tube, had an optical activity a D = 4-1*97°. 

0*867 gram dry salt gave 0*094 gram BaS0 4 . 

Hence [a] D = +30*5°; D= 4*40; BaO = 7*12 per cent. 

These correspond sufficiently well with the factors obtained for 
monarabinantrigalactangeddic acid, and as the barium salt which sepa¬ 
rated on neutralizing the alcoholic solution, yielded numbers agreeing 
pretty well with these, it is clear that no higher acid than the mon- 
arabinan one was produced in any quantity by the five minutes’ action 
of sulphuric acid on the high gum acid. I am, however, of opinion 
that by carefully regulating the strength of the solution, the quantity 
of sulphuric acid, and the temperature, the three lower natural acids 
of the series can be prepared from the higher one. From this it 
would, of course, naturally follow that the products of the final action 
of sulphuric acid on all four acids are the same. This I have proved 
to be the case. 

A solution containing in 90 c.c. 25 grams of triarabmantrigalactan- 
geddic acid was heated to 96—97° in a water-bath, 10 c.c. dilute 
sulphuric add containing 2 grams H 2 S0 4 added, and the digestion 
continued for 20 minutes. The cooled liquid was treated with alcohol 
as described above so as to separate the sugars from the gum acids. 
On distilling off the alcohol from the final alcoholic solution freed 
from sulphuric acid, and concentrating to a syrup, a large crop of 
crystals was obtained; this was higher in optical activity than 
arabinose; a second crop was obtained which approached very closely 
to arabinose in optical activity, and a third crop was allowed to form; 
this agreed with arabinose still more closely. The three crops were 
washed with methyl alcohol, and recrystallised from water; the 
crystals were exactly the same in habit as those obtained from tetr- 
arabinantrigalactangeddio acid, and the optical activity of the sugar 
was found to be— 

[*]d= +104-5° c = 3*169, 

which is the activity of pure arabinose. The methyl alcohol washings 
and the mother liquors were mixed, and the mixture freed from alcohol 
by distillation. A determiuation of the optical activity of the solid 
matter in solution, which was little in proportion to the arabinose 
crystallised, gave— 

[a] D = -f-140% 

showing the presence of arabinon. There was no galactose present, 
no mucic acid being produced by the action of nitric acid. I may, 

4 c 2 
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however, say that this test for galactose is unnecessary, for if it 
should he present, the first crop of crystals is always contaminated 
■with it. as is indicated by the crop possessing a lower rotatory power 
than arabinose. 

The gum acids were purified from the sugars as much as possible 
and divided into two fractions, ( 1 ) more, and ( 2 ) less, soluble. 
Barium salts of these were prepared; they yielded on analysis the 
following results:— 

( 1 ) = 7*55 per cent. BaO, and 

( 2 ) = 8*03 „ 

( 1 ) [a] D = 4-27*3° for organic acid, 

(2) [a] d= 423 8° 

A comparison of these numbers with those obtained for geddinosic 
acid and trigalactangeddic acid shows very clearly that we have in 
this product a mixture of both acids; it was not necessary to frac¬ 
tionate it further. 

Diarabinantrigalactangeddic acid was acted upon in the same way 
with the following results:— 

The sugars were found to be arabinon and arabinose; there was no 
galactose. 

The purified gum acids were divided into three fractions, Di, D 2 , 
and D 3 , of which D x was the most soluble, and of these, barium salts 
were prepared; they yielded on analyses:— 

Per cent. BaO. [cs]d for acid free from BaO. 


Dx. 7*56 426*3° 

D 2 . 785 425*8 

Da. 7*00 418*8 


These numbers also show that we have in the transformed product 
geddinosic and trigalactangeddic acid. Both the percentage of 
barium and the optical activity of the D, fraction are low, but wheu 
we consider that this fraction contained all the impurity of the 
original acid, we may feel satisfied that the indication is sufficiently 
distinct to obviate tbe necessity of further fractionation. 

Monarabinantrigalactangeddic acid treated in the same way yielded 
similar results. The sugars were tbe same, arabinon, however, being 
present only in minute quantities. 

An analysis of tbe barium salts of the two fractions into which the 
gum acids were divided gave the following results:— 

Per cent. BaO. [«]d for acid free from BaO* 


Ml,..,. 7*92 425*1° 

Mj. 8*30 421*8 
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There was a small, less soluble fraction than M 2 , but as its appear¬ 
ance left no doubt that it contained much impurity, it was neglected. 
Here, again, we have geddinosic and trigalactangeddic acids, the 
same products as in the three preceding cases; it is clear, therefore, 
that all four gum acids break down in the* same way, and yield, as 
a distinct resting stage, the same compound, namely, trigalactangeddic 
acid . 

In further support of the conclusion that the resting stage in the 
action of sulphuric acid on the four acids is the same, I determined 
the amount of mucic acid yielded by the action of nitric acid on the 
products from the four sources which agreed in optical activity and 
neutralising power with trigalactangeddic acid. To 1 part of each 
of these products, 7*5 parts of nitric acid and 2 5 parts of water 
were added ; the mixture was heated in a beaker of 60 c.c. capacity, 
covered with a watch glass until red fumes began to be evolved, 
when the vessel was removed from the source of heat until the 
violence of the reaction had ceased. Heat was again applied until 
nitrous fumes were no longer evolved in quantity. On cooling, the 
contents of the beaker became solid, and after standing a few days 
the mucic acid was collected on a tared filter, washed with cold water, 
dried au 100°, and weighed. To the weight thus obtained, minus the 
weight of the filter, a quantity was added proportionate to the bulk of 
the filtrate; this gave the mucic acid. It was found to vary from 50 
to 54 per cent, of the gum acid product employed, but no satisfactorily 
concordant results were obtained with the acids from either of the 
four sources, although they all agreed in their variations ; in fact, all 
four products behaved as if they were one and the same substance, 
and yielded a quantity of mucic acid, not far removed, above or below, 
from 52 per cent. Although these experiments would not in them¬ 
selves be conclusive as to the identity of the four products, they 
materially add to the evidence already adduced, that trigalactangeddic 
is a distinct resting stage in the action of sulphuric acid on the four 
natural gum adds of the sample of gedda gum under examination. 

I must not omit to point out that acids other than trigalactan¬ 
geddic acid and geddinosic acids are at times found amongst the 
products of the transformation; they possess a higher rotatory 
power and neutralising power than either of these acids. When they 
appear amongst the products, galactose is found with the sugars. 
This will be accounted for later on. 

Before we proceed any further with this investigation, it would 
probably be as well to enquire into the meaning of the facts we have 
established. 

To begin with, we have tetrarabinantrigalactangeddic acid, with 
optical activity [a] D = -f- 58°, the barium salt of which contains 5*33 
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per cent. BaO, and we find that this is converted in a short time "by 
the action of sulphuric acid into geddinosic acid, [a] D = +25°, the 
barium salt of which yields 7*8 per cent. BaO, and finally into 
trigalactangeddic acid, [a]= +22°, the barium salt of which gives 
8*5 per cent. BaO, whilst, at the same time, a large quantity of 
arabinon and arabinose is formed. With the elimination of the sugars, 
we see that an acid is produced of a much lower molecular weight 
than the acid acted upon. If we calculate the molecular weight of 
each from the percentage of BaO in the barium salt, we have for tri¬ 
galactangeddic acid — 153 = 1647, and for tetrarabinan* 

o 5 

trigalactangeddic acid — - ^ — 153 = 2717; and if we subtract 
5*oo 

the former from the latter number, 2717 — 1647 = 1070, we get a 
figure which represents the molecular weight of the material from 
which the arabinon and arabinose were derived. Does this indicate 
the multiple of the unknown group arabinan. Oi 0 H w O b , or of arabinon, 
C, 0 H m O 9 ? The molecular weight of the former is 264 and of the latter 


282; then 


= 4*05 and 


= 3*79; 


hence, it is more likely that it is four groups of O 10 Hi 8 O 8 which are 
hydrolysed than 3*79 groups of CioH^Og. If, therefore, we take Tg as 
a formula for trigalactangeddic acid, that of tetrarabinantrigalactan 
geddic acid will be 4C 10 H 16 O8,Tg; hence the term tetrarabinan. Had it 
been 4 CioH m 09 that were removed, the formula of the higher acid would 
be 4CioH 18 0 9 ,Tg, and its barium salt 4Ci O H lb O 0 ,Tg,BaO; this requires 
5*22 per cent. BaO, whilst 4Ci 0 H 16 O b ,Tg,BaO requires 5*35 per cent. 
The mean result of many analyses of the carefully-prepared barium salt 
is 5*33 per cent. BaO, as given above, the variations being only in the 
second place of decimals; hence, the tetrarabinan formula is well 
established. I have not been able to determine whether BaO dis¬ 
places HD in these salts or not; I believe, however, the salts are 
addition products; they certainly are not of the nature of true salts, 
as I shall he able to show later on. 

Let us now see what relation the other acids hold to tetrarabinan* 
trigalactangeddic acid. We found that the barium salt of that acid 
contained about 6 per cent. BaO, as the mean of the results of many con¬ 
cordant analyses of several different preparations, 30ioH 16 O fa ,Tg,BaO, 
that is, tetraxabinantrigalactangeddic acid, minus the arabinan group 
CifiHuOs, requires 5*90 per cent. BaO ; hence, the second natural 
gum acid is iriarahinautrigalactangeddic acid. 

The barium salt of the third acid yielded 6*6 per cent. BaO; 
2 K 3 i 0 H»O 8 jTg,Ba*O, that is, the high add, minus two CuHuOs groups, 
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requires 6*57 percent. BaO; hence, this acid is diarabinantrigalactan- 
geddic acid. 

The barium salt of the fourth acid yielded 7*3 per cent, of BaO; 
Ci 0 H M O 8 Tg,BaO, that is, the high acid, minus three Ci 0 Hi 6 O 8 groups, 
require 7*41 per cent. BaO; hence, this is wowarabinantrigalactan- 
geddic acid. 

I showed above that an acid, which I called geddinosic acid, a 
marked resting stage in the action of sulphuric acid on the gum acids, 
yields a barium salt which was found to contain 7*84 per cent. BaO. 
This seems to indicate an acid intermediate between monarabinan- 
trigalactangeddic acid and trigalactangeddic acid; C fi H 8 0 4 Tg,Ba0, 
requires 7*92 per cent. BaO. It is not easy to understand how such a 
substance can exist and be a product of the action of sulphuric acid on 
the geddic acid, for it necessitates the representation of the breaking 
down not by the equations 

4Ci 0 Hi 6 O 8 Tg + 4H s O = Tg + 4CioH 18 O fl 

Trigalactan- Arabinon. 
geddic acid. 

and 4C 10 Hi 8 O 9 4~ 4HoO « 8 C 5 H 10 O 5 , 

Arabinose. 

but by the equations 


4C 10 Hi 6 0 8 ,Tg, + 4E 3 0 — CsHsO^Tg + 3GioH ls Og 4- C 5 H 10 O 5 

Geddinosic acid. Arabinon. Arabinose. 


and 3 CioHi 8 0 9 4 “ BHjO — 6 O 5 H 10 O 5 . 


There can, however, be no question as to the existence of the acid, 
for I have taken much trouble to purify it and determine its compo¬ 
sition. I record the fact as I found it, and leave to future investi¬ 
gation the task of explaining the matter. 

This is a convenient stage to summarise the results hitherto 
obtained. We have found that the four natural gum acids may bo 


named and represented as follows :— 

Tetrarabinantrigalactangeddio acid. 4Ci 0 H 16 0 8 ,Tg. 

Triarabinantrigalactangeddic acid. 3C 10 H 18 O 8 ,Tg. 

Diarabinantrigalactangeddic acid. 2O 10 Hi 8 O 8 ,Tg. 

Monarabinantrigalactangeddic acid. Ci 0 Hi 6 O 8 ,Tg. 

Each of these, when acted upon by sulphuric acid, yields as a definite 
resting point 

Geddinosic acid. CsHsO^Tg, 

and finally 

Trigalactangeddic acid . Tg. 
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The next step in the investigation was to inquire into the constitu- 
on of the last-named acid. 

We have seen that this acid is but slightly acted on "when digested 
25—30 minutes in a solution containing 2—3 per cent, sulphuric 
acid. On being oxidised with nitric acid, it yielded about 52 per cent, 
of xnncic acid; galactose, oxidised under similar conditions, yielded 
85 per cent, of the same acid; it is fair, therefore, to conclude that 
trigalaetangeddic acid contains, at least, 85 : 100 :: 52 : 61 per cent, 
of a galactose-yielding constituent. Snch being the case, it was to be 
expected that the acid wonld yield galactose when broken down by 
digestion with sulphuric acid. 

A solution containing, in 100 c.c., 25 grams of trigalaetangeddic acid 
and 3 grams of sulphuric acid, was heated at 98° in a water-bath, and 
the digestion continued for two hours. The liquid was then cooled, 
neutralised with baryta-water, and the barium sulphate separated by 
filtration. When the gum acids are degraded to the extent they are 
under under these circumstances, the barium sulphate is easily 
separated, and the solution filters clear. The filtrate was concen¬ 
trated in a vacuum to a syrup, and alcohol (0 82) added as long as a 
precipitate was produced; this was freed from sugars by repeated 
dissolution in water and precipitation with alcohol. It contained the 
barium salt of the degraded gum acid; the sugars were iu the 
alcoholic solutions, which, however, contained also some barium salt. 
This was eliminated by repeatedly evaporating to a syrup in a 
vacuum and taking up with strong alcohol. The final solution was 
freed from alcohol by distillation, and the optical activity of the 
sugars determined. Sp. gr. of solution 1-03214; optical activity in a 
200-mm. tube = 4-12*50°; hence 

[«]d = +74*9°. 

This solution was not free from barium, and as the amount of 
sugar in 100 c.c. was inferred from the sp. gr., the specific rotatory 
power obtained for the sugars must be too low. It was again evapo¬ 
rated to a syrup, and treated with hot alcohol, which dissolved it all 
except a small portion rich in barium. The clear alcoholic solution 
deposited, on standing, a small crop (a) of crystals. This was sepa¬ 
rated, and the alcohol distilled off. The syrup thus obtained was 
dissolved in its own weight of dry methyl alcohol; this solution 
yielded a large crop (b) of crystals on standing. A further crop (c) 
was obtained from the mother liquids. Determinations of those 
three crops of crystals were made with the following results:— 

2-570 grams a crop gave 100 c.c., sp. gr. 1*00988; this, in a 200-mm. 
tube, gave a rotation A© = 4 . 4 * 0 °.' 
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3 413 grams b crop gave 100 c.e., sp. gr. 1*01314; this, in a 200-mm. 
tube, gave a rotation a D = + 5*50°. 

1*620 grams c crop gave 100 c.c., sp. gr. 1 00624; this, in a 200 -mm. 
tube, gave a rotation = +2*63°. 

The crystals were anhydrous. 

From these figures we have, for the specific rotatory power of the 
three crops:— 

a. [«]* = +77*8°. 

b. [>] D = +80*6°. 

c. Wj, = +81*2°. 

The optical activity of galactose at the temperature and degree of 
average concentration of these observations is 

= + 81*4°, 

and, as the crops of crystals have all the same habitus as that sugar, 
and as they yield mucic acid on oxidation with nitric acid, they con¬ 
sist of galactose in a moderately pure state. On recrystallisation 
from water, a product was obtained having the exact crystalline form 
and specific rotatory power of galactose. Besides this sugar and a trace 
of barium salt, there was only a very small quantity of uncrystalli- 
sable syrup of low optical activity in the alcoholic solutions. Whether 
this syrup is the result of the action of the acid on the sugar, which 
is very probable, as I have shown that arabinose and, as we know, 
dextrose are acted upon in the same way, or on the gum acid, I must 
leave undecided for the present. 

On attempting to purify the gum acid or acids of the barium salt, 
as far as possible, by dialysis with hydrochloric acid, it was found 
that the greater portion of the gum acid diffused, only a small and 
somewhat coloured portion being left on the dialyser. This was too 
opalescent to admit of an optical determination. It was divided into 
four fractions, and the barium salts prepared of the second (a) and 
fourth (£). These were analysed:— 

0*746 gram (a) gave 0*114 gram BaSO*. 

0*522 „ (0) „ 0*079 

Numbers corresponding to:— 

a = 10*03 per cent. BaO. 
ft = 9*94 ,, „ 

The fraction, therefore, left on the dialyser is a fairly pure homo¬ 
geneous substance. As, however, this was only a small portion 
of the acid produced by the degradation, a further quantity of tri- 
galactangeddic acid was acted upon, in the same way as described 
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above. Tbe sugar in tbe alcoholic solution "was found to be galactose. 
The barium salt was divided into eight fractions: 1 being the most in¬ 
soluble. An optical activity, sp. gr., and barium oxide determination 
was made of each of these; 1, being a small and rather unsatis¬ 
factory fraction, was rejected:— 


0*563 gram 

2 gave 0*070 gram BaSO*. 

0426 

99 

3 „ 

0-096 

99 

0182 

J) 

4 » 

0-039 

99 

0-536 

»> 

5 „ 

0-114 

99 

0-803 


6 „ 

0-180 

99 

0-732 

*9 

7 „ 

0-110 

99 

0-698 

99 

8 „ 

0-082 

99 


2-214 grams 2 gave 100 c.c. solution, sp. gr. = 1-01048, which, in a 
200 -mm. tube, deviated the ray a D = +1 *4°. 

1*706 grams 3 gave 100 c.c. solution, sp. gr. = 1*00854, which, in a 
200 -mm. tube, deviated the ray = +1*92°. 

2’146 grams 5 gave 100 c.c. solution, sp, gr. = 1*01052, which, in a 
200 -mm. tube, deviated the ray a D = +2*20°. 

3*212 grams 6 gave 100 c.c. solution, sp. gr. = 1*01658, which, in a 
200-mm. tube, deviated the ray a D = +3*75°. 

2*928 grams 7 gave 100 c.c. solution, sp. gr. = 1*01370, which, in a 
200-mm. tube, deviated the ray %> = +3*48°. 

2*794 grams 8 gave 100 c.c. solution, sp. gr. = 1-01270, which, in a 
200 -mm. tube, deviated the ray <%> = +3*15°- 

From these numbers, we have the following factors:— 

Sp. rot. power for acid 

Per cent. BaO, free from BaO. D. 


2 . 8*31 [a] D = +34-5° 4*73 

3 . 14 79 [a]s = +65*5° 5*01 

4 . 1407 — — 

5 . 13-94 0] D = +60*0° 4-90 

6 . 14*72 [a]* = +68*4° 5*16 

7 . 9-87 [«] D = +65*9° 4*68 

8 . 7*71 [a] j> = +61-1° 4-54 


A further treatment of fraction 2 showed the high activity and low 
percentage of barium oxide to he due to a galactose-yielding body, 
probably gcdacton, the saccharon of galactose, contaminating a gum 
acid containing slightly over 10 per cent. BaO. Fractions 3,4,5, and 6 
are dearly a mixture of two or more barium salts, contaminated prob¬ 
ably with sugar; and fractions 7 and 8 are gum acid salts, evidently 
containing sugar* The latter were mixed, dissolved in water, and care- 
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fully purified by repeated solution and reprecipitation with alcohol. 
The alcoholic solutions were all collected, concentrated to a syrup, and 
dissolved in a small quantity of methyl alcohol. On standing, the 
solution crystallised. The sugar thus obtained was found to have an 
optical activity 

Mj> = + 81-1% 

and to yield mucic acid on oxidation with nitric acid, so that it was pure 
galactose. The purified barium salt was divided into two fractions, 
one of which was analysed. It yielded 13*$0 per cent. BaO, and had 
an optical activity for organic acid 

[«] 3 > = +62-5°. 

It is clear, therefore, that the barium salts in fractions 7 and 8 were 
of the same nature as those in the other fractions, and that it is difficult 
to separate these salts from sugar. 

The whole of the purified fractions were mixed and again submitted 
to careful treatment with alcohol. Some of the more soluble fractions 
were found to contain between 14 and 15 per cent, of BaO, and a 
more insoluble fraction was obtained, which, on analysis, yielded 
the following results:— 

0702 gram dry substance gave 0*163 gram BaSO^ 

2*808 grams dry substance gave 100 c.c. solution, sp. gr. = 1*01410 3 
and this, in a 200-mm. tube, deviated the ray = +2*95°. 

These numbers lead to the factors 

15*25 per cent. BaO ; [a] D = + 62*0° for acid free from BaO. 

On referring to Part I of this paper (Trans., 1884, 45, 46), 
we find a barium salt described; it was obtained under the same con¬ 
ditions from arabic acid as this salt was prepared from the gedda 
gum acid, containing 15*59 per cent. BaO, bat having little or no 
optical activity. The acids neutralise practically the same quantity 
of barium oxide, but they are not identical, as is shown by the dif¬ 
ference in the optical activity. Do they contain ifche same proportion 
of carbon and hydrogen ? The salt of the arabic series gave a per¬ 
centage agreeing with the formula C.gH^O^BaO. 

The portion of the geddic salt of which an analysis is given above 
was mixed with all the fractions from the same source containing 
14 to 15 per cent. BaO, and having an optical activity varying 
between [a] D = -f 62° and + 66 °, and again purified by repeated 
treatment with alcohol. The salt thus obtained was burnt in the 
usual way in a current of oxygen. 
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I. 0*3290 gram dry barium salt gave HgO = 0*147 gram, CO s = 
0*417 gram, and BaC0 3 = 0*0665* gram. 

II. 0*3732 gram dry barium salt gave HoO = 0*168 gram, CO* = 
0*474 gram, and BaOOj = 0*0752 gram. 

From these numbers we have:— 



t - 

-A- v 

Theory for 


I. 

II. 

Oagb^gOjjrBaO. 

C per cent.* 

35-83 

35*83 

35 47 

H „ . 

4-96 

5*00 

4*89 

BaO per cent... 

15-?0 

15*66 

15*59 


These numbers agree sufficiently closely to warrant the application 
of the arabinosic formula to the geddic derivative. The latter I pro¬ 
pose to call /3-geddinosic acid . 

Further, in dealing with the arabic series, I showed (Zoc. cit.) that 
an acid having the composition CjbHssO# was obtained as the result 
of the digestion of arabic acid for three or four hours with sulphuric 
acid. An acid of this composition, no doubt, is also obtained by 
treating trigalactangeddic acid or the higher acids in the same way. 
I Lave not thought it necessary to isolate the acid, but the evidence I 
obtained of its existence is conclusive. One of the natural gum acids, 
In fact, triarabinantrigalacfcangeddic acid, was digested in the usual 
way with sulphuric acid for three hours. The transformed solution 
was neutralised with baryta-water, the barium sulphate filtered off, 
and the filtrate concentrated. The precipitate with alcohol was freed 
from sugar as much as possible by treatment with alcohol, and then 
divided into two fractions, a and b ; on analysis, these yielded the 
following results:— 

0*835 gram of c, dried as usual, gave 0*217 gram BaSO*. 

1-812 » & » „ 0*338 

3*340 „ a ,, „ 100 e.c. solution, sp. gr, 

1*01706, and tins solution gave a rotation aj> = +3*80° in a 
200 -mm. tube. 


a = 17*1° per cent. BaO ; [a]© = +68*2° for free acid. 

8 = 16 * 9 ° 

Theory for C-sH^O^,BaO, 18*68 per cent. BaO. 

There can be no doubt that a salt of this composition could be ob¬ 
tained by carefully fractionating a or 6, but when we take the facts 
already established into account, it seemed to me unnecessary to 

* There was no increase in weight when the residue in the boat afterburning the 
BaO salts was treated with ammonium carbonate. 
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prepare the salt in the pure state. The a fraction is a mixture of 
barium yS-geddinosafce and the barium salt of the low acid in about 
equal parts; taking the percentage of barium as the indicator, the 
optical activity of the low acid, which I propose to call geddic acid , 
would be [a] D = 4- 71° about. The corresponding arabic acid has 
little or no optical activity; the acids from the two sources are 
isomeric, they differ in optical activity. 

We may now turn to the acid obtained as the first marked resting 
stage of the action of sulphuric acid on the natural gum acids, 
namely, trigalactangeddic acid, represented by the symbol Tg, and 
described above, and inquire what relation this acid holds to the final 
one, the existence of which I have just indicated, and which I have 
called geddic acid. As I showed that barium trigalactangeddate 
contains 8*4—8*5 per cent, of barium ; that by the action of sulphuric 
acid it yields geddic acid, CaiE^O^, and that no other product is 
formed except galactose, it is clear that the higher acid must be some 
compound of galactose, or a galactose-yielding substance, with geddic 
acid. Taking C 13 H 20 O 10 to represent a hypothetical galactan, 
30^010,OsaHssO^BaO, that is, TgBaO, would represent the con¬ 
stitution of the salt. This formula requires 8*54 per cent. BaO, 
against the 8*4—8*5 per cent, found; hence the term trigalactangeddic 
add . 

If this is the real relationship existing between the two acids, an 
elementary analysis of trigalactangeddic acid, or of its barium salts, 
should yield results confirmatory of the hypothesis. Combustions 
were made of several preparations of the barium salts with the 
following results:— 

0*2820 gram I in dry state gave H 3 0 = 0*141 gram, C0 3 = 0*415 
gram, and BaCO s = 0*0312 gram. 

0*3551 gram II in dry state gave H 3 0 = 0*172 gram, C0 3 = 0*528 
gram, and BaCOs = 0*0391 gram. 

0*2126 gram III in dry state gave H 3 0 = 0*104 gram, C0 3 = 0*312 
gram, and BaCOj = 0*0235 gram. 

0*2863 gram IV in dry state gave H a O = 0*144 gram, CO s = 0*424 
gram, and BaC0 3 — 0*0317 gram. 

0*3585 gram V in dry state gave H.jO = 0*174 gram, C0 3 = 0*528 
gram, and BaC0 3 = 0*0390. 

These results calculated for the free acid are:— 

Theory for 

I. II. III. IV. V. 

C.... 44*64 45*02 44*50 44*92 44*62 43*2 

H... 6*07 5*85 5*95 6*11 5*89 5*98 
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The BaO In the salt being — 

l ix. in. IV. V. 

BaO. 8*59 8*56 8*59 8*60 8*45 

The carbon found is much higher than that required by this 
theory; the hydrogen affords no marked evidence, bnt taking the 
general results of hydrogen determinations into consideration, the 
numbers obtained are too low, on the whole, for the theory. It is 
clear, therefore, that the relationship between geddic acid and trigalac- 
tangeddic acid is not that mentioned above. If, however, we suppose 
that each G 12 H 2 oOio group hydrolysed occupied the place of a water 
molecule, H 2 0, in CasH^O^ we have a compound SCw^OiojCaH^Oig, 


which requires 

C... 44-70 

H... 5-81 


numbers agreeing perfectly with those found. SOiaH^OwjOgaHgsO^BaO 
requires 8*80 per cent. BaO, a number agreeing sufficiently closely 
with those found, especially when it is considered that the acid can 
only with difficulty be freed from magnesium and potassium oxides, 
which take the place of a portion of the barium oxide. 

It is, therefore, clear that the formula of trigalactaugeddie acid is 
3 C 13 H 20 O 10 ,CjaHsaOig, and that the equation 


+ 9H 2 0 = C'sHsbOjss + 6C 6 Hi 2 0 6 

Geddic acid. Galactose. 

represents the final action of sulphuric acid upon it. 

I may here point out that in dealing with the breaking down of 
arabic acid, I showed that, after a certain stage of the degradation, 
the breaking down was accompanied with the fixation of more water 
than was required to convert a C G H 10 0 5 or a O^HoqOw compound into 
a CeHaOe one, in exactly the same way as is here indicated. 

Between trigalactangeddic acid and geddic acid, I have been able 
to obtain evidence of the existence of only two acids, namely, the 
acid left upon the dialyser, the barium salt of which contained 10*03 
and 9*94 per cent, of barium oxide, and the acid of the fractions con¬ 
taining between 14 and 15 per cent, BaO. Two preparations of the 
barium salt of the former were analysed with the following results:— 

0*3512 gram I dry salt gave H 2 0 = 0*183 gram, C0 2 = 0*500 gram, 
and BaCOs + 0*0469 gram. 

0*3931 gram II dry salt gave H 2 0 = 0*202 gram, C0 2 = 0*561 
gram, and B&CO 3 = 0*520 gram. 
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Found. 




*-\ 

Theory for 


I. 

II. 

SCxsHsoOjojGjsjH^OjQjBaO. 

c . 

39-60 

39-75 

39-40 

H. 

5-79 

5-71 

5-16 

BaO .... 

10-37 

10-28 

10-61 


These numbers agree sufficiently well to support the theory; the 
agreement would, of course, be closer if the carbon and hydrogen 
were calculated on the acid free from ash. This acid I call di- 
galactangeddic acid. 

The second acid, the barium salt of which contains between 13 and 
14 per cent. BaO, I call monogalactangeddic acid, because 
CisH^O lofeH^BaO 


requires 13*66 per cent. BaO. The optical activity of this acid would 
be somewhere about [a ]d = 4 - 58—60°. 

Having thus far securely established the relationship existing 
between the final acid, geddic acid, and trigalactangeddic acid, we 
may return to inquire whether or not the relationship of the natural 
gum acids to one another, and to trigalactangeddic acid, is exactly as 
was indicated by the composition of the barium salts. This compo¬ 
sition indicated that the natural gum acids were compounds of tri¬ 
galactangeddic acid with hypothetical arabinan, Oi 0 H 16 O 8 , so that, 
substituting SCiaH^OicCKHssOw for Tg, the formula of tetrarabinan- 
trigalactangeddic acid would be 4CioH 16 0 8 ,30i2H2oOio,C23H 32 Oi9. Is 
this so ? Combustions were made of four preparations of this acid, 
namely, two calcium salts and two free acids, with the following 
results:— 


L 0*2481 gram dry CaO salt gave H s O = 0*134 gram, C0 2 = 
0*398* gram, CaCO s = 0*0094f gram. 

II. 0*3315 gram dry CaO salt gave H s O = 0*174 gram, CO a = 
0*536* gram, CaC0 3 = 0*0125.f 

III. 0*2641 gram dry acid gave H 2 0 = 0*143 gram, C0 3 = 0*437 

gram. 

IV. 0*3716 gram dry acid gave H 2 0 = 0*202 gram, C0 2 = 0*616 

gram. 

Found. 


t -■ ■——*-s Theory for 

I. II. III. IV. 4C 1 oH 16 0 8) 3C 13 H ao 0 1(b O a3 H 38 0 19 . 

C.... 44*71 45*05 45*13 45*21 45*00 

H.... 6*13 5*96 6*52 6*04 5*91 

40 1 oH 18 0 8j 30 12 H S9 0 1 Q,C 2S H 33 0 Wj CaX>. 
CaO.. 2*12 2*11 — — 2*08 


* This number includes the CO s weighed and the CO s as CaC0 3 in boat, the 
boat being weighed before treatment of ash with ammonium carbonate, 
f After treatment of ash with ammonium carbonate. 
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These numbers prove conclusively that the relationship indicated 
by the barium salts is that existing between trigalactangeddic acid 
and tetrarabinantrigalactangoddic acid, that unlike the group yielding 
galactose, the group from which the arabinon and arabinose are 
derived is hydrated, without hydration of the derived acid taking 
place at the same time. The facility with which the arabinan is 
removed, and the difficulty with which the galactan-eontaining acids 
are broken down, show clearly, too, that the bond of union in both 
cases cannot be the same. 

The barium salt of tetrarabinantrigalactangeddic acid yielded 
5*33—5*42 per cent. BaO; the formula 

4 C 1 0H 1 6O 6 ,3O 12 H 20 O 10 ,O 33 H 3a O 19 ,BaO 
requires 5*47 per cent. BaO. 

The barium salt of triarabinantrigalactangeddic acid yielded 
5*9—6*07 per cent. BaO; the formula 

3 CioH 16 Og, SOiaHaoOio, C 2 sH^Oi 9 }. 8aO 
requires 6*04 per cent. BaO. 

The barium salt of diarabinantrigalactangeddic acid yielded 
6 *6—6*7 per cent. BaO; the formula 

20 ioHiA, 3 OujHjuO iojCjsH^OujB&O 
requires 6*75 per cent. BaO. 

The barium salt of monarabinantrigalantangeddic acid yielded 
7*3—7 6 per cent. BaO; theformula [OioH 16 O s ,3C 13 H l *o0 1 o,C23Hj 3 Oi 9 ,BaO] 
requires 7*65 per cent. BaO. 

In all these cases, the theory agrees well with the numbers found; 
taking this into account, as well as the general facts demonstrated in 
this paper, it is clearly established that these formulae, attributed to 
the natural gum acids and to the products of their degradation, are 
highly probable. The gum is a mixture of the calcium, magnesium, 
and potassium salts of these acids in various proportions, together 
with a small quantity of proteid as mentioned above. 

The evidence affoided by the constitution of this gum, and of the 
acids it contains, seems to me to point distinctly to these bodies as 
materials —matter being built up, and to be employed in building up, 
rather thau as debris —matter produced by tbe breaking down of sub¬ 
stances of greater complexity. If, too, they were debris , we can have 
no donbt that the gum would contain other products of the degrada¬ 
tion. This we find is not the case, for, although there is undoubtedly 
a trace of sugar present, there is not anything like sufficient to 
account, for example, for the degradation of tetrarabinantrigalactan- 
geddic acid to monarabinantrigalactangeddic acid. It is not possible 
to say whether the nitrogenous matter is debris or material, for it 
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has been but slightly examined, in consequence of its being present 
in very small quantity, and of the difficulty of arriving at any simple 
factor of it which would serve as a criterion of its homogeneity or 
purity. 

This work, so far, is complete m itself, for it gives us a clear 
insight into the constitution of a dextrorotatory gum; but I felt 
that the paper would not be complete unless I was able to show that 
all the dextrorotatory gums were like the one described, or held some 
well-defined relationship to it. The investigation was commenced in 
1883, and in 1887, before I was able to quite satisfy myself upon 
many points described above, the supply of the A sample of gum 
became exhausted. I had, therefore, to seek a fresh supply. I 
applied to the firm from whom the first sample was obtained, but a 
few experiments with the sample furnished showed me that I had an 
altogether different gum in my hands. It became necessary, there¬ 
fore, to submit the fresh sample to pretty well as full an investigation 
as the first. This I undertook the more readily, as I hoped the 
results would confirm and complete those already described. 

Sample of Gedda Gum B. 

Physically there was no apparent difference between this sample 
and the A sample. The colour was the same in both, and there was 
no material difference in the shape or size of the pieces. If anything, 
the darker pieces of the B sample were more contaminated with bark 
and sand than those of the A sample. Neglecting these pieces, the 
sample was easily divisible into B a, light glassy pieces, B 5, dark- 
ruby pieces, and B c, deep-reddish ones. An optical activity deter¬ 
mination of each of these divisions was made with the following 
results; the sp. gr. of the solution was employed as the indicator of 
the amount of substance in solution. 

B a . ^ Hr 83*4° 

B 6. [«]j, = +80*7° 

B c. [«]d = +68-9°. 

These numbers show that the second sample of gum is not the 
same as the first, and that, like it, it is not homogeneous. 

Ash determinations were also made:— 

r091 grams B a gave 0-022 gram ash after treatment with 
(NH 4 ) s C0 3 . 

5-678 grams B b gave 0*107 gram ash after treatment with 
(NH 4 ) 3 OOs. 

5*466 grams Bo gave 0'093 gram ash after treatment with 
(NH 4 ) a COs. 

VOL. lix. 4 D 
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Hence B a = 2*0 per cent. ash. 

B b = 1*89 
B c = 1*70 

On comparing these percentages with those obtained for the 
A sample, we find there is much less ash in the B sample. The 
reason of this will be clear later on. The constitution of the ash in 
both samples was, however, practically the same, namely, calcium 
carbonate in greater part, with a small quantity of potassium, and 
magnesium carbonates, and a trace of silicic and phosphoric acids. 

It was no use to attempt to fractionate the gum mechanically, 
because I found that even pieces of exactly the same colour con- 
taiued more than one gum acid; hence, as in the case of the 
A sample, I had recourse to the precipitation method. In dealing 
with it, however, a difficulty presented itself; a considerable 
quantity of the gnm acid was soluble in strong alcohol. When 
a strong solution, one of water to one of gum, was acidified with 
hydrochloric acid, and the least soluble fraction thrown out by the 
addition of alcohol, of sp. gr. 0*85, further addition of this alcohol to 
the clear solution did not precipitate nearly the whole of the gum 
acid; this was only effected on neutralisation with milk of lime; the 
calcium salt of the most soluble acid was then precipitated. Pro¬ 
ceeding in this way, the gum was divided into four fractions: a, the 
least soluble, was thrown out first, b was precipitated by a further 
addition of alcohol to the clear solution, c was next thrown out, and 
d 7 the most soluble fraction, was precipitated only as lime salt on 
neutralising with milk of lime. 

Fractions a and b contained much nitrogenous matter; they were 
again mixed and divided into fractions a u a 2 , and a 3 , the first being 
the least soluble. After these substances had been dried, they were 
insoluble in water, and had to be dissolved in dilute soda to admit of 
an optical observation. They were all strongly acid to litmus, hydro¬ 
chloric acid being proved to be absent. In alkaline solution the 
optical activity was found to be 

= +38° 

[®]d “ +38° 

&3- [&]d = +46°. 

Neither fraction was free fiom nitrogenous matter. On further 
treating Os, a soluble fraction was obtained, free from nitrogen, tlie 
optical activity of which was 

Wd = 4-80—83°, 

ihe more insoluble portion having an optical activity not far removed 
from that of a x and a* I must leave to a future occasion a descrip- 
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-tlon of my attempts to purify these substances, and an account of the 
nitrogenous matter they contain, I may, however, state here, that 
the nitrogenous matter is of the nature of a proteid, and that it gives 
the following reactions:— 

I. It is diastatic, that is, it dissolves starch like malt diastase.* 

It does not invert sucrose. 

II. When precipitated and dried, it does not dissolve in water to a 

clear solution, yet the greater portion of the substance is 
evidently soluble. 

III. It dissolves easily in soda or potash to a perfectly clear solu¬ 
tion, with the production of a slight brown colour, if the alkali 
is in excess. On adding acid to the strong solution, no cloudi¬ 
ness is produced, but the colour disappears. 

IV. Wo precipitate is produced by boiling the acid or alkaline 
solutions. 

V. An alkaline solution yields a beautiful purple colour on the 

addition of a drop or two of Fehling’s solution; the colour is 
much intensified on the application of heat. There is no 
reduction, except on long boiling, and then it is only slight, 
the solution still retaining its purple or rose colour. 

VI. When boiled with strong nitric acid, it yields a dark-brown 
solution; potash discharges the colour to some extent, and 
produces a fiocculent precipitate. 

VII. When boiled with nitric acid not sufficiently strong to give 
rise to nitrous fumes, a yellowish-red solution is obtained, 
which on cooling deposits a yellowish, fiocculent precipitate. 

VIII. With Millon’s reagent it yields a rose-pink coloration, which 
becomes yellow on adding an excess of the reagent* 

IX. In strong acetic acid solution, no precipitate is produced on 
the addition of potassium ferrocyanide. 

We have again to turn to the portions of the gum which were 
found to be free from nitrogen. Fraction c was found to have an 
optical activity 

Mr = +90°, 

and d Mr = +102°. 

Proceeding after the manner described in dealing with the 
A sample of gum, I found it possible to divide the portion of this 
gum free from nitrogen into four fractions, viz.:— 

A. Mr = +107—110°, 

B. Md = +99—101°, 

C. Md= +89-91°, 

D. Mr = +80—83°. 

* This reaction was observed for the whole gum. 

4 D 2 
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A. is the most, and D the least, sol able fraction. The B fraction 
constituted the greater portion of the gnm free from nitrogen; A and 
D were small fractions. 

As mentioned above, the high solubility of these gum acids in 
alcohol was a great obstacle to their separation. The aqueous solu¬ 
tion had to be made concentrated, and, when alcohol was added, it not 
unfrequently happened that a portion of a higher rotating fraction 
was precipitated, and a portion of a lower rotating one held in solu¬ 
tion ; it was thus exceedingly difficult to effect a separation. Feeling, 
however, that this was chiefly due to too rapid precipitation, and to 
the concentration of the solution, I found that by guarding against 
these sources of complication, I was able feo so arrange matters as to 
ensure that the most soluble fraction was the most optically active, 
and did not contain any substance of less optical activity than the 
most soluble portion of the fraction next in solubility. There was 
very great difficulty in separating these acids from lime ; this necessi¬ 
tated taking the percentage of lime in the neutral lime salts as an 
indication of the neutralising power. 

A. fraction. —The most soluble fraction was dialysed until as free 
from ash as possible; it was then divided into three parts: A 1? free 
acid; A«, converted into lime salt; and, A 3 , into baryta salt. These 
were analysed, with the following results:— 

2*773 grams free acid gave 100 c.c. solution, sp. gr. 1*01040, and 
this solution gave a rotation aj> = -4-iS*97 0 in a 200-mm. tube. 

0*765 gram dry calcium salt gave 0*015 gram CaC0 3 . 

3*060 grams dry calcium salt gave 100 c.c., sp. gr. 1*01160, and 
this solution gave a rotation = +6 6 ° in a 200 -mm. tube. 

0*658 gram dry barium salt gave 0*028 gram BaS0 4 . 

2*634 grams dry barium salt gave 100 c.c. solution, sp. gr. 1*1040, 
and this solution gave a rotation ccj> = + 5 * 5 °. 

From these numbers we have the following factors :— 

Free acid. = +107*6°, 

Free acid in calcium salt.. [a] D = +109*0°, 

„ iu baiium salt.. [a] D = +107*4°. 

CaO in calcium salt = 1*1 per cent. 

BaO in barium salt = 2*79 per cent. 

B fraction. —This being the largest portion, a thorough fractiona¬ 
tion was made of it. All the preparations with an optical activity 
[a]o = +100 (about) were mixed, a small, less soluble portion taken 
out at one end, a very small, more soluble one at the other, and the 
great bulk of the fraction, after being dialysed and repeatedly pre- 
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cipitated, was divided into three fractions: B x , B 2 , and B 3 , the first 
bring the least soluble. 

Bi. The free acid and barium and calcium salts of this fraction 
were examined. 

3*596 grams free acid, dried as usual, gave 100 c.c. solution, sp. gr. 
1*01318, and this solution, in a 200-inm. tube, gave a rotation 
&j) = +7*03°. 

0*899 gram dry acid gave 0*0015 gram ash.* 

0*649 gram dry barium salt gave 0*0394 gram BaSO*. 

2*596 „ „ „ 100 c.c. solution,, sp. gr. 1*0103-*, 

and this solution, in a 200-mm. tube, gave a rotation =■ +4*98°. 
0*818 gram dry calcium salt gave 0*020 gram CaC0 3 . 

3*274 „ „ „ 100 c.c. solution, sp. gr. 1*01248, 

and this solution, in a 200-mm. tube, gave a rotation = 
+ 6*63°. 

B 2 . This fraction was examined as calcium salt. 

0*732 gram dry calcium salt gave 0*018 gram 0a00 3 . 

2*928 grams „ „ 100 c.c. solution, sp. gr. 1*01132, 

and this solution, in a 200-mm. tube, gave a rotation = +5*82°. 

B s . This was also examined as calcium salt. 

0*717 gram dry calcium salt gave 0*018 gram 0aC0 3 . 

2*870 grams „ „ 100 c.c. solution, sp. gr. 1*01110, 

and this solution gave a rotation = + 5*70° in a 200-mm. tube. 

From these data we have the following factors :— 

Free acid, Bx. [a] D = +97*7°; D = 3*67; ash = 0*17percent-t 
Barium salt, „ [a]j>t = +99*3°; D = 3*98 ; BaO = 3*99§ „ 

Calcium salt, „ [a] D J = +98*9°; D =5 3*81; CaO = 1*37 „ 

Calcium salt, B 2 . [a] D J = +100*8°; D = 3*87; CaO = 1*38 „ 

Calcium salt, B 3 . [a] D J = +100*8°; D = 3*87 ; CaO = 1*41 „ 

The specific rotatory power and density of the free acid are low, and 
I may say that this is a general rule when these acids are examined in 
the free state; I have reason to believe that this is due to the reten¬ 
tion of alcohol by the free acid, probably as an ether. The true divisor, 
JD, of the free acid I estimate at 3*75, and if the optical activity ob¬ 
served be corrected by this factor, the specific rotatory power of the 
acid will be [a] D = +100°. All the factors agree so well, that there 
can be no doubt that the B fraction is a homogeneous substance. 

* * Proved to be calcium carbonate, 
f Calcium carbonate. 

J The specific rotatory power is calculated for the organic portion of the* salt, 

§. Corrected for ash (calcium carbonate). 
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C fraction .—All the pieces with a specific rotatory power [a] D = 
+90° (about) were mixed, small fractions taken out above and below 
as in the preceding case, and the large, middle portion, after dialysis 
and repeated precipitations, was divided into three fractions, Ci, 0 2 , 
and C 3 , the latter being the most soluble. The calcium salt of each of 
these was examined. 

Ci. 0*826 gram dry calcium salt gave 0*025 gram CaC0 3 . 

3*306 grams „ „ 100 c.c. solution, sp. gr. 1*01278, 

and this solution, in a 200 -mm. tube, gave a rotation a D = 
+ 585°. 

C a . 0*766 gram dry calcium salt gave 0*0*23 gram CaC0 3 . 

3*066 grams „ „ 100 c.c. solution, sp. gr. 1*01186, 

and this solution, in a 200 -mm. tube, gave a rotation a.j> 
= +5*45°. 

C 3 . 0*794 gram dry calcium salt gave 0*022 gram CaC0 3 . 

3*178 grams „ „ 100 c.c. solution, sp. gr. 1*01230, 

and this solution, in a 200 -mm. tube, gave a rotation 
= +5*72°. 

These data lead to the following factors:— 

Ci. [«]d = +90*0° ;* calcium salt, D = 3*86 ; CaO = 1*70 per cent. 

C 2 . [a]» = +90*5°; „ D = 3*87; CaO = 1*70 

C* [a]* = +91*1°; „ 3> = 3*87; CaO = 1*60 

These numbers prove conclusively that the C fraction is a homo¬ 

geneous substance. Other fractionations of other preparations of this 
fraction were made with results agreeing well with those. I may 
give another set of determinations. 

A free acid, [a] D = 90°, was divided into two fractions, C 4 and C 6 , 
the former being the least soluble, and of these calcium salts were 
prepared and analysed. 

C 4 . 0*778 gram dry calcium salt gave 0*024 gram CaC0 3 . 

3*113 grams „ „ 100 c.c. solution, sp gr. 1*01214, 

and this solution gave a rotation a D = +5*55° in a 200-mm. 
tube. 

C 5 . 0*575 gram dry calcium salt gave 0*017 gram CaC0 3 . 

2*300 grams „ „ 100 c.c. solution, sp.gr. 1*0090, 

and this solution gave a rotation a D = +4*15° in a 200-mm. 
tube. 

From these data the following factors are calculated:— 

0<. [a]** = +90*7; calcium salt, D = 3*90; CaO = 1*73 per cent, 
[a]* = +91*8; „ D = 3*91; CaO = 1*66 „ 

m 

* The specific rotatory power is calculated for the organic portion of the salt. 
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The agreement of these numbers amongst themselves and with 
those obtained in the previous experiments is perfectly satisfactory. 

These two fractions were again mixed, dissolved in a little water 
and hydrochloric acid, and then alcohol added; the precipitate was 
redissolved and reprecipitated until it was free from hydrochloric 
acid. A barium salt of a portion of this was prepared, and the 
free acid itself was dried; both preparations were examined. 

2*783 grams dry free acid containing only traces of ash, gave 
100 c.c. solution, which, in a 200-mm. tube, gave a rotation 
= +5*0°. 

0*733 gram dry barium salt gave 0*047 gram BaSO*. 

2*934 grams „ „ 100 c.c. solution, sp. gr. 1*01186, 

and this solution, in a 200 mm.-tube, gave a rotation a® = 
+5*05°. 

From these data— 

Free acid, [a] D = +89*8°; 

Barium salt, [a] D = +89*9° ;* D = 4*04; BaO = 4*21 per cent. 

D fraction was, as I have said, small, and, taking into considera¬ 
tion the fact that its specific rotatory power holds pretty well tlie 
same relation to that of the C fraction as the latter holds to B and 
B to A, it seemed to me fair to conclude that this acid is one of a 
series, and if 1 can establish a relationship between A and B and 
B and G, it will not be unreasonable to conclude that the same 
relationship holds between C and D. The optical activity of this 
fraction may be taken as [a] D = -|-80—82°. 

On comparing the factors of the members of this series with 
those of the members of the A sample of gum, we find that, ap¬ 
parently, these acids are higher members of the A sample series, 
the acid with highest optical activity [a] D = +59°, and with a 
calcium salt; containing 2*1 per cent, lime, tetrarabinantrigalactan- 
geddic, is separated seemingly by an absent acid [a]j> = +70° 
(about), from the lowest member, [a] D = +80—83°, of the B sample 
group; in other words, a perotfarabinantrigalactangeddic acid would 
appear to be absent, and a 7ie*carabin antrigalactangeddic appears as 
the first and lowest member of the B sample series; the next highest 
member, [a] D = +90°, being ^cp^arabinantrigalactangeddic acid, and 
so on for the [«]d = +100° and the [«]d = +110° acids. This 
would seem to be borne out, too, by the decreasing amount of lime in 
the calcium salrs, and, also, by the increasing solubility in alcohol in the 
higher acids. If this is the relationship that exists, the first resting 
stage in the action of sulphuric acid on the acids of the B series 

* The specific rotatory power is calculated for the organic portion of the salt. 
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should be the same acid as that which was found in dealing with the 
A series, namely, trigalactangeddic acid. 

A portion of the B fraction above described was acted upon with 
sulphuric acid for 20 minutes, in the usual way, and the resulting 
solution treated with alcohol after the manner already described. The 
portion insoluble in alcohol was purified from sugar by further treat¬ 
ment with alcohol, then dialysed with hydrochloric acid until free 
from ash, and further purified by removing a slight, most soluble, 
and least soluble portion with alcohol. The middle, and by far the 
greatest portion, was then divided into two fractions, a and p; these 
were converted into barium salts. 

B cl. 0*669 gram barium salt, dried as usual, gave 0*071 gram 
BaS0 4 . 

2*678 grams gave 100 c.c. solution, sp. gr. 1*01182, and this 
solution, in a 200-mm. tube, gave a rotation a D = -f-1*0°. 

B p. 0*770 gram barium salt, dried as usual, gave 0*084 gram 
BaSO*. 

S*0SO grams gave 100 c.c. solution, sp. gr. 1*01370, and this 
solution, in a 200-mm. tube, gave a rotation [a] D = +1*1°. 

Hence, Ba. [a] D = +20*1°, 

B/J* [aJjj = -fl9"2°. 

Ba = 6*97 per cent, BaO ; D = 4*41, 

BjS=7*17 „ BaO; D = 4*45. 

The free acid, [a] B = +19*2, was again acted upon for 10 minutes 
with sulphuric acid, and the resulting solution treated as usual with 
alcohol. Very little action had taken place, as the alcohol contained 
only a very small quantity of sugar. The precipitate was washed 
and purified, and a barium salt prepared of it. 

0*658 gram dry barium salt gave 0*070 gram BaS0 4 . 

2*632 grams „ „ 100 c.c. solution, sp. gr. 1*01180, 

and this solution, in a 200-mm. tube, gave a rotation a D = + 0*95°. 

Hence 6*99 per cent. BaO ; [a] D = 4-19*4°; D = 4*50. 

Fraction C, [a] D = +90°, was acted upon in the same way with 
exactly the same results. 

Many other transformations were made without any material 
alteration in the character of the product. Id all cases, the acid 
obtained had an optical activity [a] D = +20° (about), and gave a 
barium salt which yields 7*2—7*4 per cent. BaO. It is therefore 
certain that this acid is a resting stage in the action of sulphuric acid 
on the acids of the B fraction of the B sample of gedda gum. 

Before proceeding further, we may examine the alcoholic solution, 
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and determine if arabinon and arabinose are tbe only other products 
of the degradation. It was neutralised with baryta-water, the barium 
sulphate removed by filtration, and the filtrate evaporated to a syrup in 
a vacuum. This was treated with strong alcohol, which, in all cases, 
dissolved it all except a small portion of the barium salt of a gum 
acid, a portion of which was also thrown down with the barium 
sulphate on neutralising the alcoholic solution; this was separated by 
treating the sulphate with boiling water and filtering; it will be 
returned to later on. The alcoholic solution was again evaporated to 
a syrup which, on standing a few days, yielded a large crop of 
crystals (a), a second (6), third (c), and fourth (d) crop were 
obtained, and, finally, a small portion of mother liquid (e) was left. 
An optical activity determination was made of all these crops. 

(a.) |>] D = +108 9° c = 3*122, 

(&.) [a] D = +104-6° c = 4-062, 

(c.) [a] D = +102 5° c = 3-636, 

(rf.) [a] D = +102*0° c = 2-010, 

(e.)*|a]D= +100-0°. 

(a) contained arabinon, (b) is pure arabinose, so are (c) and (d) 
practically, and (e) is contaminated with the products of the action 
of sulphuric acid on arabinose; it also contains a trace of galactose, 
yielding, on treatment with nitric acid, a trace of mucic acid; a trace 
of barium salt is also present; when we take that into account, and 
consider how the specific rotatory power is arrived at, we can easily 
see that the amount of matter of any kind, other than arabinose, is 
very small. The galactose and the more soluble gum add, the 
barium salt of which is mentioned above as being precipitated with 
the barium sulphate and as being insoluble in strong alcohol on treat¬ 
ment of the syrup, are products of the further degradation of a small 
portion of the resting-stage acid. 

If we now compare the numbers obtained for the optical activity 
of this acid and for the percentage of baryta in the barium salt 
with the same numbers obtained for either geddinosic acid or 
trigalactangeddic acid, we shall find that}, although the sp. rot. 
power does not differ very much from that of the latter, being on 
the whole somewhat less, the percentage of baryta in the barium salt 
is materially less than that in barium trigalactangeddate, or in barium 
geddinosate, in other words, the resting-stage acid of the acids of the 
B sample is of greater molecular weight than that of the A sample of 
acids. The question which then presented itself is, to what is this 

* In this case the solid matter in solution was inferred from the Bp. gr.; in all 
the other cases the crystals were dried at 100° and weighed; they contained no 
water of crystallisation. 
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due ? Is it that the resting stage of the B sample contains more 
galactan groups, or is it that the substances are altogether diffe¬ 
rently constituted ? If the former supposition be correct, the resting- 
stage acid of the B sample when acted upon by sulphuric acid should 
yield final acids identical with those obtained from the A sample. 

A portion of the resting-stage acid, [a] D = +20°, and 7*2 per cent, 
baryta in the barium salt, was acted upon at the boiling temperature 
with 2 per cent, sulphuric acid solution for hours. The resulting 
liquid was cooled, neutralised with baryta-water, filtered, and con¬ 
centrated in a vacuum. The syrup was repeatedly extracted with 
alcohol, the alcoholic solutions concentrated, and the residue allowed 
to crystallise. A determination of the optical activity of the crystals 
gave 

[*]d = +81*0°. 

On treatment with nitric acid, they yielded mucic acid. From these 
facts, and its solubility, crystalline habit, <fcc., the sugar is undoubt¬ 
edly galactose. The solid matter in the mother liquid gave an 
optical activity 

M» = +71-1°, 

but it contained a little barium salt, hence it is clear, the alcoholic 
solution contained no other sugar except galactose, the coloured sub¬ 
stances produced by the action of the acid on galactose, and a little 
barium salt of a gum acid, to be described later on. 

The transformed products insoluble in alcohol, that is, the gum 
acids, were completely freed from sulphuric acid and sugar by treat¬ 
ment with alcohol, and then divided into two fractions, R* and 
and barium salts of them prepared. 

0*653 gram Ri-salt, in dry state, gave 0*137 gram BaSO*. 

0*700 „ Bs-salt „ „ 0*146 „ 

2*614 „ R r salt „ „ 100 c.c. solution, sp. gr. 

1*01316, and this, in a 200-mm. tube, gave a rotation = 
+2*72°. 

2*800 grams Basalt gave 100 c.c, solution, sp. gr. 1*01412, and this, 
in a 200-mm. tube, gave a rotation a D = +2*85°* 

Barium salt of B x = 13*8 per cent. BaO; D = 5*04, 

„ B* = 137 „ „ ; D = 5*04. 

Free acid, Rj. [a] D = +60*2°, 

„ B*. [a]j> s= +58*8°. 

There is no doubt we have here a fairly pure substance; it is, in 
fact, monogalactangeddic acid—compare optical activity and percent¬ 
age of baryta in the barium salt. 

The more soluble portion of the gum acids obtained in the above 
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degradations of tlie resting-stage acid was purified as usual and 
divided into two parts, Gi and G 2 , and of these baryta salts were pre¬ 
pared. 

0*255 gram Gi salt, dry, gave 0*051 gram BaC0 3 . 

0*771 „ G* „ 0*173 „ BaSO*. 

5*436 grams Gi „ 100 c.c. solution, which, in a 200-nun. 

tube, gave a rotation [a] D = + 6*25°. 

3*856 grams G 2 salt, dry, gave 100 c.c. solution, which, in a 200-ram. 
tube, gave a rotation = + 4*25°. 

Barium salt, Gi = 15*5 per cent. BaO, 

, 9 G 2 :=z 14 7 ,, ,, 

Free acid, G x . [a] D = +67*6°, 

„ G 2 . [a] D = +64*7°. 

02817 gram Gi dry free acid gave H s O 0*149 gram, OO s 0*440 
gram. . 

jS-G-eddinosic acid. Theory for 

Found. f — ^ C29H4SO27. 


O. 42*60 42*48 42*54 42*03 

H. 5*88 5*89 5*93 5*77 

C^H 4S 0 2r Ba0. 

BaO. 15*5 15*7 15*7 * 15*6 


A comparison of these numbers with those obtained for /J-geddinosic 
acid shows clearly that the acids are identical; hence yS-geddinosic 
acid is the product of the degradation of the gum acids of both gums. 

Further, when this acid was digested for an hour longer with 
sulphuric acid, an acid was obtained containing increased percentage 
of BaO, and I have no doubt, if the digestion be continued sufficiently 
long, an acid can be obtained the optical activity of which is 

Wd = + 71°, 

and the barium salt of which contains 18*76 per cent. BaO, hence 
geddic add, O^HssO^. 

Let us now inquire what relationship does the resting-stage acid 
hold to this one; 

OssH^Oq 4C 12 H3oOio — 4H a O — 4O 12 H 20 O i 0 5 O 3s H 30 O la 

represents tetragalactangeddic acid. 

An elementary analysis of the barium salt of the resting-stage acid 
yielded the following results:— 

0*3125 gram dry barium salt of purified resting-stage acid gave 
H a O 0*157 gram, C0 2 0*471 gram, BaOO s 0*0299 gram. 
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Calculated for 

Found. 4 C 12 U 2 oOio>Cs 3 HjoOi 8 »BaO, 


C. 41*72 41*7 

H. 5*58 5*4 

BaO. 7*43 7*49 


Hence, the resting 1 -stage acid for the gum acids of the B sample of 
gum is tetragalactangeddic acid, in the place of trigalactangeddic acid 
for the A sample. 

I have shown that arabinon and arabinose and tetragalactangeddic 
acid were the only products of the action of sulphuric acid on the 
original gum acid. Let us see what is the composition of these 
acids. The molecular weight of the acid [a] D = +90°, with calcium 
salt containing 1*7 per cent. CaO, is 5600 -f- 1*7 — 56 = 3238, and 
the molecular weight of tetragalactangeddic acid is 1890; hence the 
molecular weight of the matter eliminated is 3238 — 1890 = 1348. 
The molecular weight of arabinan is 264; hence 1348 -4- 264 = 5*1, 
say 5, the number of molecules of arabinan hydrated. The acid under 
consideration is, therefore, pentarabinantetragalactangeddic add, 

5 CioH 16 08,40 ia H2oO io, O 33 H 30 O 18 . 

Several combustions of the free acid and of the calcium salt were 
made, different preparations being employed. 

I. 0*2987 gram dry, free acid, gave H s O = 0*167 gram, C0 2 = 
0*488 gram; ash, a trace. 

II. 0*3568 gram dry, free acid, gave H 2 0 = 0 200 gram, C0 2 = 
0*587 gram; ash, a trace. 

HI. 0*3640 gram dry, free acid, gave H 2 0 = 0*207 gram, C0 2 = 
0*602 gram; ash, a trace. 

TV". 0*3628 gram dry calcium salt gave H s O = 0*194 gram, C0 2 = 
0*585* gram, and Ca0O 3 = 0 0099 gram. 

V. 0*2685 gram dry calcium salt gave H 2 0 = 0*145 gram, C0 2 = 
0*436* gram, and CaC0 2 = 0*0086 gram. 

VI. 0*2946 gram diy calcium salt gave H a O = 0*163 gram, C0 2 = 
0*476* gram, and CaOO s = 0 0099 gram. 


H,... 

CaO.. 


Found. 



44*65 44*87 45*10 44*65f 45*09f 44*90f 
6-22 6*23 6-32 6*03f 6*llf 6*26f 


Theory for 

5 C 10 H 16 Os^HoAo, 

QalLAs. 

45*23 

5*92 


SCxoHisO^OjjHgoOio, 

CW®3oOis»CaO. 

— 1-52 1*7 1*8 1-71 


* This includes the 00 3 in the ash in boat, determined by weight of boat before 
treatment with ammonium carbonate, 
f These percentages axe calculated on the substance free &om ash. 
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These figures leave no doubt that the theory advanced for the con¬ 
stitution of the gum acid is the correct one. 

The acid of the B fraction, [a] D = +100—101°, gave a calcium salt 
containing 1*4 per cent, lime; JL&ptarabinantetragalactangeddate of 
calcium 70ioHiflO b ,4C 1 2H 2 oOio,C23H3oOi8,OaO, requires 1*48 per cent. 
CaO. 

Of this acid and its calcium salt several combustions were made, 
different preparations being employed. 

I. 0*2907 gram dry free acid gave H 3 0 = 0*163 gram, C0 2 = 
0*480 gram, and a trace of ash. 

II. 0*2873 gram dry free acid gave H 2 0 = 0*159 gram, C0 3 = 

0*476 gram, and a trace of ash. 

III. 0*2284 gram dry free acid gave H a O = 0*128 gram, C0 3 = 

0*380 gram, and a trace of ash. 

IY. 0*2886 gram dry calcium salt gave H>0 = 0*158 gram, CO a = 
0*474 gram, and CaC0 3 = 0*0075 gram. 

Y. 0*2096 gram dry calcium salt gave H 2 0 = 0*115 gram, C0 2 = 
0*346 gram, and CaC0 3 = 0*0050 gram. 





Found. 



Theory for 


t - 


*- 


-^ 

7C 1( ,Hj 6 Ost4C 12 H2oO]o, 


T. 

II. 

ni. 

IT. 

Y. 

tyiaoChs* 

c.... 

45*03 

45*19 

45-37 

45*45* 45*63* 

45*26 

H ... 

6*23 

6*15 

623 

6-17* 

6-18* 

5*94 







70^,08,40^0!, 







CosHsoOjgCaO. 

CaO . 

— 

— 

— 

1-48 

1-34 

1*48 


The highest rotating acid, [a] D = +108—110°, gave a calcium salt, 
which yielded CaO = 1*1 and 1 *3 per cent.; calcium nonarabinantetra- 
yalactangeddate. , 9C w Hi 6 08 J 4Ci8H2o0 1 o,C 2 3H3 0 Oi8,CaO, requires CaO = 
1*29 per cent. 

No serious attempt was made to purify the low rotating acid; it 
was exceedingly difficult to free any portion of it from nitrogen, but 
it was found that the fraction with optical activity [a] D = +80—83° 
yielded a lime salt containing CaO = 1*9—2*0 per cent.; calcium tri- 
arabinantetragalactangeddate , 3CioHi60 8 ,4Ci2H 2 oOio,C23H3oOi 8 ,CaO, re¬ 
quires CaO = 1*98 per cent. 

It is, therefore, satisfactorily proved that the portion of the gum 
free from nitrogen consists of the calcium, magnesium, and potassium 
salts of four acids, viz.:— 

1. Nonarabinantetragalactangeddic acid, 9C 1 oH 16 0 8 ,4C 12 H 2 o0 10 ,CyU 30 0 18 . 

2. Heptarabinantefcragalactangeddic acid, 7C 1 oH 16 0 8) 4C 12 H 30 0 10 ,C2 3 H 30 0 18 . 

„ 3. PentarabinantetragalactaDgeddic acid, SOjoHieOg^CigHaoO^C^HooOj* 

4. Triarabmantetragalactangeddic acid, 

* Calculated on substance free from ash. 
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The heptarabinan acid exists in by far the largest quantity. 

In purifying these acids, there was some evidence, as I have said, 
of the presence of intermediate acids; I have, however, satisfied 
myself that such substances do not exist in any quantity in the gum 
under examination. There are, no doubt, places for them, as there 
would appear to be no reason why we should not have octa 
kexa- 9 and fetfra-arabinan acids; it is curious, indeed, that onl} r 
the odd number arabinan acids come to the surface, so to say, in 
this gum. 

A comparison of the composition of the series of acids in the two 
samples of gum shows clearly the difference between them, and tho 
close relation they bear one to the other; I need not dwell further on 
the subject. 

Besides the acids above described, the B sample of gum contains, as 
I have already said, a large quantity of substance which I found it 
impossible to free from nitrogen. I must reserve for a future occa¬ 
sion a fuller account of this sustance; its general characteristics are 
given above. The low percentage of ash in the B samples of gum is 
no doubt in part due to the presence of this substance, but the chief 
cause of it is the greater molecular weight, and consequently lower 
neutralising power, of the acids of this gum. 

Although the evidence adduced for the conclusions arrived at in 
this work leaves little to be desired, I could not help feeling, notwith¬ 
standing many repetitions and confirmations, that there were a few 
points 1 should like to see more completely worked out. I could not 
do this in consequence of the difficulty in working with the B sample, 
■due to the presence of the nitrogenous substance and to the high 
solubility of the gum acids in alcohol. I tried several other samples 
of commercial gedda gum, but could not find any one 30 easily work¬ 
able as the A sample, the great bnlk of which I had unfortunately 
used np. I have, therefore, to content myself with leaving the work 
as it is, for the present. In time, I hope to he able to describe more 
fully and accurately the different acids, and more especially to give a 
complete account of the final acid, geddic acid , [a] D = 

+71—72°, and to determine in what it agrees with and differs from 
the similar and isomeric acid of the arabin series. This acid we should 
now call arabic acid 9 the resting-stage acid in the arabin series being 
ietragaladanaralic acid (Trans., 1884*, 45,55), the acid of the barium 
salt of which yielded 7*36 per cent. BaO the result of the action 
of sulphuric acid for 15 minutes on arabin : 4C 1 2H 2 y0 1 o,C a 3H 3 oOi 8 ,BaO 
requires 7*49 percent.BaO. This formula is OiiHnoO*, against G 7iH 112 O sfl , 
or a molecule of water less than that given in the place quoted. Arabin, 
or the then arabic acid, would be diarabinantetragaZactanardbic acid 
20103^1408,40133300CssHaoOie = C^H^O;*, against CsoHugO?*, given. 
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in the paper quoted. In the third part of this work, I shall, I hope, 
he able to make these points clearer. 

Finally, I cannot conclude this paper without a brief account 
of the results obtained in an examination of a third sample of gedda 
gam. 

Sample of Gedda Gvm 0. 

This sample contained less nitrogenous matter than the B sample, 
but considerably more than the A one. The free acids were still more 
soluble in alcohol than those of the B sample; they had, however, 
the same syrupy character when precipitated by alcohol. In conse¬ 
quence of the high solubility of the gum acids in alcohol, I found it 
impossible to effect a clean fractionation. Sufficient, however, was 
done to show that the sample consisted of mixed gums, that, in fact, 
it contained at least two series of acids, neither of which was the 
same as the acids of the series of either the A or B samples. 

The nitrogenous matter was again the portion least soluble in 
alcohol, but it was exceedingly difficult to free the gum acids from it. 
The portion rendered as free as possible from it was divided into a, 
b, and c fractions, a being the least soluble, and these, after being 
dialysed, were again divided into a x and ; b l9 b 2l b 4 ; and c h C& c 3} 
and c 4 . The barium salts of these fractions were prepared and analysed. 
It would serve no useful purpose to give the analytical data. I may, 
however, record the results:— 

ai. [a] D = + 64*9 r ; BaO = • percent. 

a* 0] D = +771°; BaO = ■ 

h. [a 1 D = +83*2°; BaO = 3*60 

b z . [«] B = +82*1°; BaO == 3*54 

& 3 . [ a ]B = +83*9°; BaO = 4*03 

b 4 . [«]b = +84*2°; BaO - 3*77 

*. Mb = 4-85*6°; BaO = 3*91 

Cj. [gQd = 4* 88*1°; BaO = 3*93 „ 

<*. M» = 4-89*9°; BaO = 3*66 
c 4 . Mb = 4-92*3°; BaO = 3*53 

The fraction b 4 was acted upon with sulphuric acid for 30 minutes. 
The sugars formed consisted chiefly of arabinose with a little ai'abinon, 
and only a trace of galactose. In this case, the arabinose crystallised 
from the concentrated alcoholic solution in beautiful, warty aggrega¬ 
tions.* The gum acid insoluble in alcohol was freed from sugar and 
sulphuric acid m the usual way and then divided into three fractions, 
ar, y 9 a. Of these, barium salts were prepared and analysed:— 

* I may here remark that the crystalline habit of arabinose varies with the 
source whence it is obtained. 
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a* [a]x> = -f32‘2° ; BaO = 6*80 per cent. 

y . [a] D = +30*0° ; BaO = 6*77 „ 

sr. [a] D = +31*4°; BaO = 6*84 „ 

Barium pentagalactangeddate, 5CuH2o0 1 o J C 2i jH2aOi7,BaO, requires 
6*51 per cent. BaO. The fractions \ to c 4 are, no douht, members 
of the same series. r 4 is probably heptarabinanpentagalactangeddic acid , 
7 CiftHi6O & ,5C, 2 H (!0 Oi 0 ,C 2 3H 28 O 175 BaO, requires 3*64 per cent. BaO, and 
d 9 hejcara binananpentagalactangeddic acid 9 

60 loHisO^t) CiaHjoOjoy C iiHasOniBaO, 

requires 3*88 per cent. BaO, tbe intermediate substances being mix¬ 
tures of these two acids. 

a x does not belong to this series, for although it is the least soluble 
and its optical activity is lowest, the percentage of barium in the 
barium salt excludes it from the group; it evidently belongs to a 
distinct gum, the sample being, no doubt, a mixed one. as, b x , & 2 , and 
fri are obviously mixtures of this series and the pentagalactan series. 

The nitrogenous substance in the 0 sample behaves in the same 
way to reagents as that of the B sample; it is, however, devoid of 
diastatic action. 

Although the work described in this paper shows clearly the con¬ 
stitution of these dextrorotatory gums, and, indeed, of the whole 
group of gums, in a broad way, there are many points of interest 
which I should like to see more definitely settled. Bor example, the 
acids of the A sample differ one from the other by a molecule of 
arabinan; there is a difference in specific rotatory power between 
the mon- and di-adds of 6°, and between the di- and tri-acids of the 
same amount, whilst the difference between the tri- and tetra-acids 
appears to be 10°; it would be interesting to have these differences 
accurately determined, and to ascertain if they are constant factors. 
Of course, the amount of time requisite to purify the number of 
substances with which I had to deal, and to make accurate determina¬ 
tions of them was far greater than I could devote to the work. I had, 
therefore, to be satisfied with such factors as enabled me to identify 
the compounds and to decide that they were sufficiently pure to 
warrant the inferences drawn from the analyses of them. Again, we 
see the four acids of the B sample, which differ one from the other 
by two arabinan molecules, differ in specific rotatory power by about 
10 % but when the final three arabinan molecules are eliminated, that is, 
when triarabinantetragalactangeddic acid is converted into tetraga- 
lactangeddic acid, there is a fall of 50°; the elimination of the one 
final molecule of arabinan in the A sample acids, the degradation of 
monarabinantrigalactangeddic acid to trigalactangeddic acid is accom- 
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pained “by a fall of 15—18°. In the adds of the C sample of gum 
the difference of one molecule of arabinan makes, as in the A sample 
series, apparently a difference of 6—7° in the specific rotatory power 
of the acids, and the elimination of the six final molecules makes a 
difference of 50°, or abont 8° for every molecule of arabinan. 

Yet again, turning to the elimination of the galactan groups; be¬ 
tween trigalactangeddic acid and the tetragalactan one there appears 
to be a difference in optical activity of only 2°. I believe, however, this 
might very well be increased to 7° in consequence of the nature of the 
imparities with which the preparations of both adds are likely to be 
contaminated. The specific rotatory power of digalactangeddic acid I 
believe to be about [a]x> = 4-11°, thus differing from the trigalactan 
body by 7—8°; bnt there can he no doubt the mon-acid is close upon 
[a] D = 60°, whereas the difference between this and the final add is 
not more than 11°. We see that with the elimination of the galactan 
groups the optical activity goes rapidly up after we pass the di-acid ; 
the presence of a small quantity of the low acids in the preparation of 
the di- and tri-acids wonld materially increase their optical activity 
(compare some of the fractionations of the tn-acid, A sample). It is 
pretty clear, in a broad way, that the optical activities and the com¬ 
position are closely related ; I should like to be able to indicate the 
relationship more closely than is shown above. This could only be 
done bv very careful purification of the substances and accurate 
determinations of the factors: it is obvious these things are beyond 
the scope of this paper. I hope, however, to be able to return to them 
later on, but. after all, the questions are more interesting from a 
phvsical point of view than a chemical one 

There is one point more to which I should like to refer, the baryta 
in the barium salts; when the acids are dry, water appears not to take 
the place of baryta, the dry acids are anhydrides. This, I say, 
appears to he the case, as a result of a general analysis, but it would 
be well to have special evidence on the subject. This, I believe, I 
shall be able to obtain by employing more easily workable gums. 
In the immediate future, however, I intend to continue this work with 
an investigation into the constitution of an optically inactive gum, of 
which I have an example in a sample of Australian gum, and to con¬ 
clude it with a full examination of the final acids, geddic acid, arabic 
acid, &c, CsAsOtt, in all cases. 

Finally, I need hardly say that the amount of labour involved in 
this work, especially when it is remembered that what I have recorded 
here is only a fraction of the work upon which the results are based and 
which led to them, could not he performed without much assistance. 
For that assistance, given in a helpful and thoughtful manner, I have 
to express my best thanks to my assistant, Mr. A. L. Stem, B.Sc. 
von. ux. 4 b 
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XC1I .—Dissociation of Liquid Kitrogen F eras'ide. 

By J. Tudor Cundall, B.Sc., Lecturer on Chemistry in the Edinburgh 

Academy. 

"Whilst examining nitrogen trioxide with Professor W. Ramsay 
(Trans., 1885, 47, 187 and 672), we were led to expect from the 
appearance of the substance that it was to a certain extent dissociated 
while yet in the liquid state. It was suggested that I should make 
some colorimetric experiments to ascertain whether this was the 
case, commencing with nitrogen peroxide as a substance for which 
experimental methods might be more easily devised than for the 
trioxide. 

It was assumed that liquid nitrogen peroxide at low temperatures 
was a colourless substance, consisting of nitrogen tetroxide, NaO*, 
but as the temperature was raised it became yellow and then red, 
owing to its partial dissociation into X0 2 . NaO* = 2NOi; N0 2 being 
assumed to be an intensely red substance, resembling bromine in 
appearance. Judging, too, from the behaviour of the substance in 
the gaseous state, wuere the change of colour is accompanied by 
decrease in the density, these assumptions seem not unreasonable. 

At the time, I made some experiments in which chloroform solu¬ 
tions of the peroxide were matched against different coloured liquids. 
However, although the results seemed promising, the difficulties of 
obtaining a good match for the peroxide, and of keeping its solution, 
during the experiment, without loss of strength, and from the action of 
atmospheric moisture, proved insuperable with the crude apparatus I 
had then devised. The pressure of other work prevented any de¬ 
velopment of the idea until 1889, when the present research was 
commenced. 

The object in view was, firstly, to decide whether liquid nitrogeu 
peroxide dissociates when it is diluted; and, secondly, to measure 
its dissociation when heated. With regard to the first point, Ramsay 
has shown (Trans., 1888,53,621), from the depression of the freezing 
point of acetic acid by varying amounts of peroxide, that no large 
amount of dissociation takes place on dilution. That alteration of 
temperature produces dissociation, as indicated by the colour, is 
obvious: and it has been shown by J. J. Boguski ( Oomjpt . rend., 109, 
804—806), that the electrical resistance of slightly impure peroxide 
rises with the temperature. 
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Preparation of the Materials . 

Ramsay (Trans., 1890, 57. 590) suggests that the best method of 
preparing nitiogen peroxide is to act on arsenic trioxide with nitric 
acid, and so obtain a mixture of trioxide and peroxide. This mixture 
is purified by oxidising the trioxide to peroxide, by treatment with 
nitrogen pentoxide, and subsequent distillation. He deprecates the 
use of sulphuric acid to prevent the formation of the trioxide on 
account of the diminished yield, but that objection can be obviated to 
a large extent by the use of fuming nitric acid, so that the amount of 
sulphuric acid required is kept low. 

The plan 1 have found most effective is to mix 315 grams of fuming 
nitric acid (sp. gr. 1*5) with 150 grams of concentrated sulphuric 
acid and 250 grams of modelately finely powdered arsenic tri¬ 
oxide. The proportions are roughly those required for the reaction, 
4HNfO a + AS 2 O 3 = 2N 2 0 4 + 2 HAsO s + H 2 0. The arsenic trioxide is 
purposely in excess, and there is enough sulphuric acid to allow one 
formula-weight to each formula-weight of water present in the nitric 
acid formed m the reaction. 

The mixture was made in a flask of about 1 litre capacity, fitted by 
a cork with an upright, thin-walled tube 1 cm. in diameter. This 
tube passed through the cork nearly to the bottom of the neck of the 
flask (an expedient which greatly piotects the cork from the fumes), 
and projected about 30 cm. The projecting part was surrounded 
by a vessel of water, kept at 20—25°, to condense any nitric acid 
that might be carried over. The gas issuing from the top of the 
upright tube was then passed through a long \J -tube containing 
phosphorus pentoxide, and finally into a bulb surrounded by ice and 
hydrochloric acid, where it was condensed. The action was started 
by gently heating the mixture; it then proceeded quietly, with occa¬ 
sional heating, until the mixture began to turn green, and the 
character of the effervescence to change, when it was stopped. 

The crude product was then distilled at as low a temperature as 
possible. As it was feared that it might contain traces of anhydrous 
nitric acid, which is soluble in the peroxide, the vapour was passed 
through a tube of heated arsenic trioxide, and again through phos¬ 
phorus pentoxide before being condensed as above. It was condensed 
in three fractions, the first weighing 97*5 grams, the second 56*0 
grams, and the third 16 5 grams. The last fraction, as well as the 
residue in the flask, was not used. The portions collected are about 
82 per cent, of the theoretical yield if the nitric acid of sp. gr. 1*5 
contained 90 per cent, of HNO s . 

As in the subsequent experiments, it would be necessary to find the 
volume of small quantities of the peroxide accurately, and as the 

4 e 2 
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substance examined by Thorpe (Trans., 1880, 37,141) was prepared 
in quite another way, the sp. gr. and expansion were carefully deter¬ 
mined by a method similar to that employed by Thorpe. A. dilato- 
meter, whose bulb held about 20 c.c., was used, and the following 
results were obtained (weight of peroxide taken 25*6225 grams):— 

Sp. gr. compared 
/. with water at 4°. 

0° 1*4880 

6 7° 1*4734 

11*8° 1*4649 

Thorpe found the sp. gr. at 0 3 = 1*4903. 

The. chloroform nsed for dilution was that sold as <c pure,” and 
prepared by Messrs. Duncan and Flockhart from methylated spirit. 
It was dried with fnsed calcium chloride and distilled, the middle 
portion was then repeatedly treated with phosphorus pentoxide and 
distilled again, that portion only being employed which was of constant 
boiling point. 

The solutions of nitrogen peroxide in chloroform were usually pre¬ 
pared by weighing in sealed bulbs, but were also prepared by meastire- 
ment of the nitrogen peroxide in a special narrow graduated tube, and 
of the chloroform in a stoppered burette. The temperature was noted 
and correction made for it in calculating the strengths of the solu¬ 
tions, which are stated in percentages of nitrogen peroxide by volume 
at 0°. In almost all cases, the calculated strengths of the solutions 
were confirmed by analysis. 

The method adopted was that of shaking in a small stoppered bottle 
a suitable volume of the solution with a measured quantity (usually 
20 c.c.) of normal caustic soda, and titrating with semi-normal sulph¬ 
uric acid, phenolphthalein being used as an indicator. This method 
was proved to give accurate results by check analyses in which 
weighed bulbs of the peroxide were broken in chloroform and them, 
analysed. The method of analysis by the nitrometer was also em¬ 
ployed with similar, but not as satisfactory, results. 

The solutions were prepared just before they were examined, except 
when they were sealed np in the colorimeter itself, and so unable to 
alter in strength. 


Apparatus used. 

It was obvious that some special form of colorimeter must he em¬ 
ployed, in which to make the comparisons of tint, as the free access of 
air which obtains in the common forms was out of the question, and 
also the observations had to be made under known an d steady condi¬ 
tions of temperature. 
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Qne of the mo$t suitable forms devised was a modification of 
Mill's colorimeter. Of this pattern, two, called A and B, were con¬ 
structed of different lengths for use with pale and darker solutions; 
they were alike in all other particulars. Each consisted of a tube, a, 
Fig. 1, about 22 mm. in diameter, in A 60 mm. long, and in B 100 

Fia. I. 


■n 



v 

mm. long, closed at the top by an end that was blown as flat and as 
thin as possible. At the other end, a narrow tube 6, 7 mm. in 
diameter, and 200 mm. long, was sealed axially, and at the side a bent 
tube c with a small bulb was attached. Before the top of a was closed, 
the disc d its float e was inserted. The disc was secured by a 
clip of platinum sealed to the top of the bulb and stalk of which the 
float consisted. The stalk was weighted with a piece of stout iron 
wire fixed inside with a plug of asbestos, so that the whole float and 
disc just floated in chloroform. The end of the stalk was then sealed. 
When the apparatus was constructed, a was graduated in mm., start¬ 
ing as nearly as possible from the inside of the flat end. It was 
filled with the required solution through the open end of b, and when 
nearly full was sealed. The bubble was then transferred to c, 
where it did not interfere, and also allowed the liquid to expand. 
The disc with its float was moved up and down, or fixed by the 



1080 


OTJNDAIiL: DISSOCIATION OF 


action cf a small solenoid encircling the jacketing tube in which b was 
supported. It was thus possible to make colour comparisons in an 
entirely-sealed apparatus. 

For shorter columns, and for comparisons in which it was necessaiy 
to dilute during the progress of the experiment, two colorimeters of 
another form, called E and F, were employed. Each apparatus con¬ 
sisted of a straight tube g , Fig. 2, open at the top and closed at the 
^ bottom by a flat end, with a reservoir h sealed on near the bottom. A 
narrow inlet tube, provided with a slight funnel expansion, was sealed 
to the top of h for introducing the substance to be examined. In E, 
g was 100 mm. long; in F, 120 mm. long; and in both 22 mm. wide. 
Closely fitting into g was a tube i closed at the bottom with a flat end. 
In order to make the end of i of uniform thickness, it was ground 
and polished on the outside, whilst a microscope cover-glass was 
cemented on the inside with Canada balsam. This device provided a 
transparent end to the tube, which did not distort the disc h lying on 
the bottom of g when seen through it, and, above all, was not affected 
by the liquid iu which it was immersed. The tube g was graduated 


Fig. 2 . 



in mm., and as the levels of the top of the disc and of the bottom of 
the tube i could be accurately read, the length of the column between 
them could be determined with a limit of error of 0*2 mm. The tops 
of g and i were held in brass clamps l and m, which could he 
separated and approached by a rack and pinion working in a brass 
pillar n. This pillar fitted in a socket on the bottom of the constant 
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temperature-bath, of which the level of the water rose to about o, 
whilst the level of the liquid iu the colorimeter was never higher 
than. p. The rack and pinion was actuated from the outside by a 
key, which passed through the wall ol the bath- The only access of 
air was through the inlet tube and the narrow annular space between 
g and i. The effect of any deterioration through these openings was 
so minimised by the large bulk of liquid in h as to be negligible. 

In order to obtain the necessary conditions of temperature and 
illumination, the colorimeters were enclosed in a wooden tank. Fig. 3, 


Fie. 3. 



26 cm. long by 13 cm. wide by 23 cm. deep, provided with a double 
glass front. The tank was divided into two equal parts, r and s, by a 
thick, watertight, wooden partition, and the whole was painted black. 
Both compartments were provided with drain cocks t, t, and with over¬ 
pipes v v. A supply of water could be allowed to flow in from the 
main by taps ?6, «. In the side r was fixed a metal pipe w, which, 
when heated at its upper part, caused a circulation of hot water, and 
permitted the temperature of the bath to be raised. Tubes «, a?, on 
which the solemds slid stiffly, were provided in both compartments 
as sockets for the colorimeters A and B, whilst a socket for the recep¬ 
tion of the stand of colorimeters E and F was fixed in r. Uniformity 
of temperature was secured by an Archimedean screw y, fixed at an 
angle and turned rapidly by an electromotor. This stirred so effec¬ 
tively that when ice and water were in the bath, the temperature 
remained absolutely constant in every part until almost the last trace 
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of ice was melted. A similar stirrer was provided in the other com¬ 
partment, but it was not much used as the temperature generally 
required there was that of the tap water, which was allowed to flow 
sufficiently rapidly to keep up a good circulation, and whose tempera¬ 
ture remained constant during long periods. Higher temperatures 
in r were produced by regulating the size of the flame under w, and 
these, owing to the large mass of water and constant stirring, were 
easily kept uniform. 

The measuring apparatus employed was checked either by weighing 
with water or against measures of known accuracy. 

Method of Comparison and Calculation . 

An attempt was made in the earlier experiments to compare the 
colour of the peroxide with the solution of some colouring matter 
snch as chromic acid or Bismarck brown. As this plan proved un¬ 
satisfactory, it was given np in favour of a method in which different 
lengths of some standard solution of the peroxide were compared with 
the solution that was being diluted or raised in temperature. The 
method of procedure, initially, was to take some pare peroxide in 
colorimeter E at 0° and to compare it with a standard solution in 
colorimeter A or B either at the same or another temperature. The 
comparison was effected by fixing the disc in A or B and then match¬ 
ing the colour of that particular column of solution by moving the 
inner tube % of E or if np or down by the rack and pinion to increase 
or diminish the colour. In order to make the operation easier, the 
columns to be compared were put close side by side, and the whole of 
the bath and apparatus was shut off from view by a screen of card 
with two holes directly over the columns to be matched. The discs 
were illuminated by two gas jets so placed as to equally light them, 
and whose heat rays were cut off from the bath by a double screen 
of glass. The flames themselves were hidden from the eye by shades. 
When the colours in the two colorimeter s were matched, the heights 
of the columns of equal tint were read and recorded. The solenoid 
was then moved and a new match made, and so on until five or more 
comparisons had been taken, when the liquid in E was diluted or its 
temperature raised, and a new match made. Great care was taken 
that the colorimeters and their contents were at the temperature of 
the bath by waiting a sufficient time and by stirring the liquids in 
them by the movement of the disc or tube. 

Examples taken at random of these comparisons are given in order 
to show tho amount of accuracy possible. It will be seen in the 
Sequel that the errors that do occur—and shades of yellow and orange 
tope notoriously difficult to match—are of a magnitude which do not 
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affect the general result. A column of the peroxide 10 mm. in length 
at 0° was taken to be of unit depth of colour, and all the lengths 
given are those of columns matching it. 

Pare peroxide at 0° was in E, and a standard solution called A/3 
of 8 9 per cent, by volume was in A also at Q°. 


E. 



A. 


8-6 

mm. 

match 

22 

mm. 

5-8 

99 

99 

32 

99 

3-0 

99 

99 

18 

99 

5-9 

99 

99 

32 

99 

2-0 

99 

99 

12 

99 

20-3 



116 



Hence, at 0°, 57*1 mm. of the solution A/3 match 10 mm. of pure 
peroxide. 

Again a solution of 3*0 per cent, at 0° in F was compared with a 
standard called B/3 of 1*44 per cent, by volume at 13*2° in B. 

3T. B. 


220 

mm. 

match 

14-8 

mm. 

38-0 

99 

99 

23-2 

99 

25-0 

9 > 

99 

15-0 

99 

25-0 

9 * 

99 

140 

99 

28-4 

99 

>9 

193 

99 

138-4 



86-8 



Now 63*9 mm. of B/3 at 13*2° had been found to match 10 mm. of 
pure peroxide at 0°, so at 0°, — ^ = 102*5 mm. of a 3 per 

cent, solution have the same tint as 10 mm. of pure peroxide. 

The first column in Table I (p. 1084) gives tbe length ot different 
solutions at 0° which have tbe same colour as 10 mm. of pure per¬ 
oxide. lhe corresponding number in tbe second column is the per¬ 
centage strength of the solution. 

Now, if the colouring matter in the pure peroxide remains un¬ 
changed in amount by dilution, then the product of the length of the 
columns that match into their strengths should be constant, for the 
lengths should vary inversely as the percentage strength by volume, 
that is, if you halve the strength of a solution it ought to require a 
column of double length to give the same colour. The third column 
gives the product of length by strength, and it is seen tbat it is not 
a constant, but diminishes with increased dilation. The colouring 
matter then increases with the dilution, and its relative quantity is 
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as the reciprocal of the product length by strength, for example, if 
at 0° a 10-mm. column of pure peroxide (100 per cent.) matches a 
40*6 mm. column of 10*1 per cent., then we have a column containing 
100 X 10 = 1000 parts of peroxide matching a column containing 
40*6 x 10*1 = 410 parts. Therefore the relative amounts of colouring 
matter (N0 2 ) in the 10*1 per cent, solution to that in the pure per¬ 
oxide are as o> or as 2*44 : This reciprocal multiplied by 

1000 , which expresses’ the relative amount of NO a present, is stated 
in the fourth column. It is multiplied by 1000, so that the amount 
present in the pure peroxide at 0° is represented by one unit. 


Table I.— Comparison at 0° of the Colour of Pure Nitrogen Peroxide 
with that of its Solutions . 


Columns 
of equal tint. ’ 

Per cent, strength 
by volume. 

Per cent, strength 
x length. 

Relative amount of 
N0 2 present. 

mm. 

10*0 

100*0 

1000 

1 00 

11-0 

88*3 

971 

103 

12*5 

75-4 

942 

1-06 

12-7 

• 67’6 

860 

1-16 

13-7 

63-0 

865 

1 20 

13*7 

62 *6 

858 

1*17 

15-0 

55-0 

825 

1-21 

15-8 

48*2 

761 

1*31 

IS -2 

46*8 

71L 

1-41 

18*0 

87-5 

675 

1*48 

21 *0 

25-8 

541 

1*85 

25*0 

25 *1 

627 

1 59 

34*6 

14*3 

495 

2 02 

39-2 

13*0 

510 

1 97 

37-3 

10*4 

388 

2*60 

37-3 

10*37 

387 

2*58 

40-6 

10*1 

410 

2 44 

57-3 

8*9 

510 

1*95 

56 0 

7 6 

426 

2*35 

50-5 

7*5 

379 

2*64 

63*1 

7*1 

4^6 

2*46 

63-1 

5*3 

334 

2 99 

80-7 

4*0 

323 

3 1 

102*5 

3*0 

307 

3*25 

136*0 

1*44 

196 

5*1 

118*8 

1*44 

171 

5 85 


The last column is plotted as Curve I (p. 1086) against percentage 
Strength by volume. It will be seen that the rate of dissociation is 
extremely small, until the peroxide is about 20 times diluted, after 
which it becomes much greater. It should be noted that these figures 
are purely relative, their absolute value being found later. 
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Measurement of Relative Dissociation on Rise of Temperature. 

Having thus established that dilation produces dissociation, it 
became necessary to compare this dissociation ■with that caused by 
rise of temperature. 

The comparisons were made, and the results calculated in precisely 
the same way as before; a 10 mm. length of pure peroxide at 0° 
being again taken as containing unit quantity of peroxide. The 
relative dissociation is plotted against temperature for eight different 
dilutions, as Curves VIII—XIV, in Plate II (p. 1086); the amount at 
0° being corrected by reference to the smoothed curve representing 
the dilution at 0°. 


Table II .—Dissociation earned, by Rise of Temperature at Different 

Dilutions . 


Columns 

of 

equal tint. 

Tempera¬ 

ture. 

i Per cent, 

strength by 
volume. 

Per cent, 
strength 
x length. 

Relative 
amount of N0 3 
present. 

mm. 

10-0 

0°0 

100*0 

1000 

1*00 

5*1 

7*2 

100-0 

540 

1*85 

4*1 

11*2 

100*0 

410 

2*40 

15*2 


46*8 

711 

1-41 

11 -1 

4*2 

46*8 

519 

1*92 

7 0 

9*2 

46*8 

328 

3*05 

6-3 

IS-2 

46*8 

248 

4 03 

21-0 

0*0 

25*8* 

542 

1*85 

15 *3 

5*0 

25 *8 

395 

2*53 

9-4 

11*6 

25 *8 

243 

4*13 

6-1 

17*6 

25*8 

157 

6*36 

25*0 

0*0 

25*1* 

628 

1 59 

14-6 

7*2 

25*1 

366 

2*73 

6*5 

17 *3 

25 *1 

158 

6*15 

34*6 

0*0 

14*3 

495 

2-02 

26*0 

5*7 

14*3 

372 

2 69 

18*0 


14*3 

257 

3*87 

12*5 

15 7 

14*3 

179 

5*59 

8*1 

20 *2 

14*3 

116 

8*66 

37*4 

0*0 

10*1 

378 

2*64 

30 1 

5*4 

10*1 

3(4 

3*29 

21*3 

11*2 

10*1 

215 

4*67 

14*4 

15-7 

10*1 

145 

6'89 

11*0 

20*2 

10*1 

111 

9*06 

6*96 

27-0 

10*1 

70 

14*2 


* These two percentages are combined in the same curve. No. X. 
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Table II —continue 


Columns 

of 

equal tint. 

Tempera- 

rature. 

Ter cent, 
strength by 
volume. 

Ter cent, 
strength 
x length. 

Relative 
amount of NCK 
present. 

mm. 

57*2 

0°0 


406 

2*46 

41-1 

5*1 


291 

8*43 

29*3 

9*9 

^ H 

207 

4-82 

16*9 

15*9 


317 

8-51 

13*6 

20*2 


97 

10-33 

8*8 

Z5Q 


62 

16-06 

102-5 

0*0 

3-0 

307 

3-25 

69*3 

5*1 

3*0 

208 

4 81 

48-0 

10 9 

3 0 

147 

6-79 

41 6 

15 O 

3 0 

125 

8-02 

29*2 

20 0 

3*0 

88 

11-4 

21*4 

25 0 

3 0 

64 

15-5 

118*8 

0 0 

1*44 

171 

8*85 

69*8 

11 9 

1*44 

101 

9*9 

63*9 

13*2 

1-44 

92 

10*9 

62*8 

15*1 

1-44 

90 

11*2 

37*7 

19*9 

1-44 

54 

18 4 

26-6 

25 0 

1*44 i 

38 

26*1 


The amount of dissociation at every 5 Q for each of these strengths 
was then read off the smoothed rise of temperature eurves, VIII—XV 
(Plate II), and plotted as dilution curves, II—VI (Plate I). These 
isothermals show that dissociation at temperatures above 0° takes 
place in the same manner as at 0°, only at a greater rate. The form 
of the curve below 10 per cent, is confirmed by a dilution experiment 
that was performed at 8*2°, and of which the results are stated in 
Table III. It is plotted as Curve VII (Plate I). 


Table III. 


Columns 
of equal tint. 

Per cent, strength 
by volume. 

Per cent, strength 
x length. 

Relative amount of 
NO s present. 

mm, 

26*6 

9 93 

263 

3*8 

37*6 

6*0 

226 

4*4 

45-8 

4*8 

220 

4*5 

48*8 

3*6 

176 

5-7 

61*5 

2*5 

154 

6-5 

71*6 

2 0 

143 

7*0 

77*5 

1*6 

124 

8*06 

82*1 

1*4 

115 

8-7 

111*5 

: 

0*8 

89 

11-2 
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determination of the Absolute Amount of NO a present. 

In order to arrive at the absolute amount of the peroxide di&soci- 
ated, a comparison was made between the colour of the pure liquid 
peroxide at 0° with that of the gaseous peroxide at 30°. It is true 
that the substances compared are in different physical states, but it 
will be seen that the N0 3 present in the liquid peroxide and Sx the 
solutions is never in a state of aggregation differing widely from that 
obtaining in the gas, and so might be expected to have the same 
properties as regards colour as when actually in the gaseous state. 
That this assumption is legitimate is borne out by the fact that liquid 
and gaseous nitrogen peroxide have both the same absorption 
spectrum, that of the pure liquid being fainter than that of the gas ; 
on dilution and rise of temperature, however, it becomes much more 
distinct. Again, another property of the molecule, namely, its action 
on polarised light, is the same in the liquid and gaseous state, pro¬ 
vided equal numbers of molecules are traversed by the ray. 

The comparison was made by means of a solution A/3 of 8*9 per 
cent, by volume, 22*5 mm. of which at 11*8° matched 10 mm. of the 
pure liquid peroxide at 0°. This solution A/3 in A was compared with 
the gas in F; F was filled with the gas by allowing about 1 c.c. of the 
liquid peroxide to run in at the inlet tube and cover the disc, where 
it soon evaporated, the excess escaping, and leaving the apparatus 
quite full of the gas. The temperature was allowed to become steady, 
and then matches were made in just the same way as with the liquid. 
After five matches had been made, a little more liquid peroxide was 
added, and when it had evaporated, and the temperature had become 
steady, comparisons were again made. 

The results of the first series of comparisons are given in Table TY, 
where the gas in colorimeter F at 29*8° was compared with standard 
solution A/3 (of 8*9 per cent, by vol.) in colorimeter A at 12*0°. 


Table IY. 

A. F. 

30*8 mm. match 12 mm. 

19*5 „ „ 7 „ 

11-0 „ „ 5 „ 

21*0 „ „ 9 ,, 

13*0 „ „ 6 „ 

95*3 39 


Now, 22*5 mm. of A/3 at 12*0° matched 10 mm. of pure liquid per- 
39*0 x 22*5 

oxide at 0°, so at 29*8°,-ggrg-= 9*2 mm. of gaseous nitrogen 
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peroxide have the same depth of colour as 10 mm. of liquid peroxide 
at 0°. The experiment was repeated on another day with gas from 
a different sample of peroxide, again comparing with standard solu¬ 
tion A/3 at 11*8°. The temperature of the gas during the first five 
matches was 29 6°, but during the remaining 15 it only varied between 
29‘9° and 30°. The results are given in Table V* 


Table V. 


A. 



S'. 


190 

mm. 

match 

6-6 

mm, 

111 


99 

4-0 

99 

20-0 

91 

99 

7-0 

99 

13-9 

99 

99 

5-0 

99 

215 

>9 

99 

9-0 

99 

24-0 

99 

99 

9-9 

99 

16-6 

19 

99 

7-0 

99 

7-4 

99 

99 

3-0 

99 

12-5 

11 

99 

5-4 

99 

18 7 

99 

99 

8-0 

99 

16-0 

99 

99 

6-3 

99 

11-2 

99 

99 

4-9 

99 

16-2 

99 

99 

61 

99 

10-9 

>9 

99 

5-1 

99 

18-1 

99 

99 

8-2 

99 

17-0 

99 

99 

7-0 

99 

11-6 

99 

99 

5-2 

99 

170 

99 

99 

8-1 

99 

8-4 

9 » 

99 

4-0 

99 

14-2 

99 

99 

7-0 

>9 

305-3 



126-8 



Hence, calculating as before, 9*3 mm. of the gas at 30° match 
10 mm. of the pure liquid peroxide at 0°. Now, by J. W. Gibbs’ 
formula (Amer . J. Sci ., 18 , 1879), the density of nitrogen peroxide 
gas compared with air at 30° and 755*8 mm. (the pressure at which 
the matches were made) is 2*618, which agrees sufficiently well with 
Deville and Tioost’s experiments (Gompt. rend., 64 , 237) under 
similar conditions. Now, a density of 2*618 requires that the gas 
should contain 35*2 per cent, of N0 2 and 64*8 per cent, of N 2 0 4 . But 
there is the same amount of N0 2 in a column 9*3 mm. long of the gas 
at 30° and 755*8 mm. as there is in one of 10 mm. of pure liquid per¬ 
oxide. Assuming that a column with a base of 1 sq. cm. is being 
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looked at, 9*3 c.c. of the gas has as much NO a in it as 10 c.c. of 
pure peroxide at 0°. 9 3 c.c. at 30° and 755*8 mm. contain 35*2 per 

273 755 8 46 

cent, of NO* = 3*78 c.c., which weigh 3*78 x ggg X -jqq x 22320 

= 0*00698 gram of NO a . Now, 10 c.c. of pure peroxide at 0° weigh 

0 00698 

14*903 grams; therefore nitrogen peroxide at 0° contains ~i£.qq£' 

X100 = 0*0468 per cent, by weight of NO a . 

The weight per cent, of NO* present in the peroxide in any of the 
solutions at any temperature examined can then be found by multi¬ 
plying the number expressing the relative dissociation by 0 0468, as 
there is this amount in the pure peroxide at 0° which is taken as 
being dissociated to the extent of 1 unit. 

Conclusions, 

1. Liquid nitrogen peroxide dissociates when diluted with chloto- 
form, just as the gas dissociates when diluted with an indifferent gas, 
or when the pressure on it is lowered. The dissociation is of small 
amount, and its rate of increase is very small until the liquid is 
diluted about twenty times, when it becomes much greater. 

2. Liquid peroxide of nitrogen and its solutions dissociate when 
heated, but its solutions do so at a much greater rate as they are 
diluted. In the most dissociated solution yet examined, that is, one 
containing 1*44 per cent, by vol. of nitrogen peroxide at 25°, there is 
only 1*22 per cent, of NO* present in the peroxide 

It is proposed to examine more dilute solutions at higher tempera¬ 
tures with a view to observing whether the liquid peroxide under 
those circumstances behaves like the gas, but as this will involve 
working at pressures greater than atmospheric, some considerable 
time must dapse before results can be obtained* 

Edinburgh Academy , 
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XCIII. —On Iron Carbonyls. 

By Ludwig Mond, F.R.S., and Carl Larger, PhD. 

The existence of a volatile compound of iron and carbon monoxide 
was made known to the Society last session in a communication by 
one of ns and Dr F. Quincke (Trans., 1891, 59, 604). In a paper 
Tead before Section B of the British Association in August last,* it 
was announced that we had succeeded in obtaining this compound in 
the form of an amber-coloured liquid, which boils at 102°, solidifies 
below —21°, and deposits tabular crystals of a darker colour on stand¬ 
ing. We have since found that these crystals are only obtained when 
the liquid is exposed to light, and that their formation is accom¬ 
panied by the evolution of carbon monoxide. 

This liquid compound of iron with carbon monoxide is prepared in 
the following manner:—Ferrous oxalate, precipitated from a hot 
solution of ferrous sulphate by adding to it a slight excess of potassic 
oxalate, is washed by repeated decantation with water and dried at 
120°. The dry powder is introduced into a combustion tube, and 
heated in a gentle cnrrent of hydrogen, the temperature being 
gradually raised until the oxalate has turned black, and is then 
kept stationary until, on arresting the current of hydrogen, no more 
gas escapes. The finely-divided iron thus obtained is allowed to cool 
to the ordinary temperature, and is then put into water without 
allowing it to come into contact with the air, boiled several times 
with water until all sulphate is removed, dried quickly on plates of 
gypsum, and then returned to the combustion tube and slowly heated 
in a current of hydrogen to ahont 300° to drive off all the water. 
After allowing it tocool again, the hydrogen is displaced by carbon mon¬ 
oxide and the tube is then closed at one end, the other remaining con¬ 
nected with the gasholder containing carbon monoxide, which is slowly 
absorbed br the iron. After the lapse of 24 hours, the tube is heated 
to about 120°, when the iron carbonyl formed distils over. The yield 
is somewhat increased when this distillation takes place in a slow 
current of carbon monoxide and the issuing gases are passed through 
a tube cooled to —20°. When no more iron carbonyl comes over, the 
tube is allowed to cool, and put into communication again with the 
gasholder containing the carbon monoxide, which is absorbed as 
before. This operation can be repeated during several weeks; the 
daily yield, however, is always small, and rarely exceeds 1 gram from 

* u On Nickel Carbon Oxide and its Application in Arts and Manufactures,’ 1 by 
Ludwig Mond. 
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100 grams of iron. We have tried to increase this yield by ex¬ 
posing the iron to carbon monoxide under a pressure of 10 atmo¬ 
spheres, but have obtained no material augmentation. 

The iron carbonyl thus obtained is a somewhat viscous liquid of a 
pale-yellow colour. Its sp. gr. at 18° is 1*4664 compared with water 
at 18°. It distils completely without decomposition at 102*8° under a 
pressure of 749 mm. It solidifies below —21° into a mass of yellow¬ 
ish, needle-shaped crystals. It is soluble in many organic liquids 
such as alcohol, ether, benzene, mineral oils, <&c. On exposure to 
the air, it is slowly decomposed with formation of a brown precipi¬ 
tate consisting mainly of hydrated ferric oxide. On heating the 
vapour to 180°, the compound is completely decomposed into iron 
and carbon monoxide. The vapour density has been determined in a 
Victor Meyer apparatus filled with hydrogen and heated in a bath of 
xylene. We obtained the following figures :— 

0*1912 gram substance displaced 25*0 c.c. hydrogen at; 17*7°; air 
pressure, 751 mm.; density, 6*5. 

0*1249 gram substance displaced 16*4 c.c. hydrogen at 17*7°; air 
pressure, 759 mm.; density, 6*4. 

This corresponds very nearly to the calculated density of Fe(CO)* 
= 6*7, whilst Fe(GO )4 would require 5*7, and Fe(CO) e 7*25. The 
formula Fe(CO) 6 is also corroborated by analysis of the substance. 

We determined the iron by heating a weighed quantity with 
chlorine-water in a scaled tube and subsequently precipitating and 
weighing the ferric oxide; and the carbon monoxide by burning a 
weighed quantity in a current of air in a combustion tube partly 
filled with copper oxide, and weighing the carbon dioxide formed* 
The following figures were obtained :— 

I. 0*3014 gram substance yielded 0*1265 gram FeaO* — 0*08855 
gram Fe. 

II. 0*1318 gram substance yielded 0*05523 gram Fe a Oa s= 0*03867 
gram Fe. 

III. 0*2463 gram substance yielded 0*2702 gram CO* = 0*17195 

gram CO. 

IV. 0*2838 gram substance yielded 0*3172 gram C0 2 == 0*2022 

gram 00. 

Found. 

/-*—■■ —- v Theory. 

I. II. III. IT. Fe(CO) 6 . 

Fe. 29*37 29*34 — — 29*08 

CO. — — 69*88 71*14 70*92 

We propose to call this compound ferropontacarbonyl. It is iso¬ 
meric with ferrous croconate, C 6 Fe 05 . 

VOL. ltx. 4 F 
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mond and danger on iron carbonyls. 


Ferropentacarbonyl is not acted upon by dilute sulphuric, Hydro¬ 
chloric, or nitric acid at the ordinary temperature. Concentrated 
nitric acid, chlorine-water, and bromine-water, however, act readily, 
forming ferric nitrate, chloride, or bromide respectively. 

Alcoholic solutions of sodium and potassium hydroxide absorb the 
vapour rapidly, and also dissolve the liquid without evolution of gas. 
After a while, a greenish precipitate is formed, which contains chiefly 
hydrated ferrous oxide, and the solution becomes brown. On ex¬ 
posing it to the air, it takes up oxygen, and the colour changes to a 
dark-red, whilst hydrated ferric oxide separates out. On account of 
this rapid change of the solution in contact with air, and the small 
quantity at our disposal, we have not yet been able to isolate any 
well-defined compound suitable for analysis from it. 

On mixing alcoholic solutions of ferropentacarbonyl and mercury 
chloride, a slight evolution of carbon monoxide is observed, and a 
yellowish, crystalline precipitate is formed containing iron, mercury, 
chlorine, and carbon monoxide. The analyses, however, did not give 
figures from which a definite formula could be deduced The liquid 
ferropentacarbonyl undergoes no change when kept in the dark, but 
when it is exposed to the light for several hours in a sealed tube, 
gold-coloured, tabular crystals are formed, and the pressure m the 
tube rises very high. When dry, these crystals have a metallic 
lustre, and resemble flakes of gold. On exposure to the air, they are 
gradually decomposed and coloured brown. We have prepared this 
substance for analysis by collecting it on a filter, washing with ether, 
and drying over sulphuric acid for about 30 minutes. A weighed 
quantity was treated with bromine-water, which dissolves the sub¬ 
stance with evolution of gas. The iron was precipitated from the 
solution and weighed as ferric oxide. 

0*0800 gram substance yielded 0 0412 gram Fe 2 O s = 0*02884 Fe, 
or 36*05 per cent. Fe. 

0*0742 gram substance yielded 0*0381 gram F^Os = 0 02662 Fe, 
or 35*90 per cent. Fe. 

These figures agree sufficiently with the formula Fe^CO)? (diferro- 
heptacarbonyl), which requires 36 36 Fe. We have, so far, not 
succeeded in obtaining a sufficient quantity of this substance to con¬ 
trol its composition by determining the carbon monoxide, nor has it 
been possible to ascertain its molecular weight either by the vapour 
density or by Baoultfs method, as the substance is neither volatile 
without decomposition nor sufficiently soluble in suitable solvents. 

Chlorine, bromine, and nitric add decompose the crystals; sulph¬ 
uric add and hydrochloric add do not act upon them at the ordinary 
temperature. Alcoholic potash dissolves them, forming a solution 
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similar in appearance and behaviour to that obtained with the liquid 
iron carbonyl. 

The solution of iron carbonyl in heavy mineral oil investigated by 
Mond and Quincke, which gave figures for the proportion of iron to 
carbon monoxide varying from 1 : 4*03 to 1:4 26 undoubtedly 
contained mixtures of the two substances we have described. 

We are continuing the investigation of these compounds, and hope 
shortly to make a further communication to the Society. 


XCIV .—Note on some Compounds of the Oxides of Silver and Lead . 

By Emily Aston, B.Sc. (Lond.), Chemical Department, University 
College, Gower Street. 

According to Wohler (Ann. Phys. Chem. 9 1837, 41, 344) the yellow 
precipitate obtained by the addition of caustic potash to a solution 
of a lead and silver salt is a compound, containing 1 mol. of silver 
oxide to 2mols. of lead oxide (Ag 2 0,2Pb0). It is insoluble in caustic 
potash, and so, by digestion with it, may be separated from the free 
lead oxide, which is simultaneously precipitated. On analysis, 
Wohler obtained the numbers 34*23 per cent. Ag 2 0 and 65*77 per 
cent. PbO. 

At Professor Ramsay’s suggestion, I have made the following 
attempts to obtain Wohler’s compound, but at present without 
success. 

First Method of Preparation .—The first sample prepared was a 
yellow precipitate, obtained by the addition of a strong solution of 
caustic potash to a solution of lead acetate and silver nitrate, in 
which the ratio of lead oxide to silver oxide was approximately 3 :1; 
the moan of two analyses gave 22*79 per cent. Ag 2 0, and 77*18 per 
cent, PbO. The nearest formula is 7PbO,2Ag*0, which corresponds 
to 22*91 per cent. Ag 2 0. This sample was then treated with a strong 
solution of caustic soda, and the residue, on analysis, yielded 48*19 per 
cent. Ag a O, showing that a large amount of lead oxide had been dis¬ 
solved. The formula PbO,AgaO corresponds to 50 98 per cent. Ag^O. 

A second yellow precipitate was obtained by the addition of potash 
to a solution of lead and silver nitrates, containing approximately 
2PbO to lAgaO; the mean of two analyses gave 40*68 percent. Ag a O, 
This number approaches 40*94 per cent. Ag*0, corresponding to the 
formula ?Pb0,2Ag 2 0. 

A third sample, somewhat darker in colour, was obtained by adding 
a very large excess of caustic potash to a solution of lead and silver 
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nitrates containing approximately IPbO to lAg a O; on analysis, it 
gave 49*01 per cent. AgjO as the mean of two estimations, a number 
not very far from that obtained with the first sample after extraction 
with soda (48*19 per cent.). This sample was extracted with ammonia 
t.o dissolve any free silver oxide (for it stained the skin), and then 
with soda. After extraction, it contained a still higher percentage of 
silver oxide, viz., 57*54. 

Second Method of Preparation. —To ensure the presence of excess of 
caustic alkali, three more samples were prepared by the addition of 
silver nitrate to a solution of lead nitrate to which excess of pure 
caustic soda had been previously added; the colour of the precipitate 
obtained was yellow at first, but quickly turned to green in the case 
of samples 4 and 5; in the case of sample 6, it did not change from 
yellow to green for a few days. In common with other silver salts, 
the mixed lead and silver oxide is darkened by the action of light, 
so that the colour is apt to vary, unless the substance is kept in the 
dark. 

The fourth sample was made by adding silver nitrate to lead nitrate 
in excess of soda, in such amount that the ratio of lead oxide to silver 
oxide was about 1*5 to 1; the precipitate obtained gave 56*81 per 
cent. Ag a O. 

The fifth sample was made by adding silver nitrate to lead nitrate 
in excess of soda, in such amount that the ratio of lead oxide to silver 
oxide was nearly 5 to 1; the precipitate, on analysis, gave 49*01, per 
cent. AgaO, a number agreeing with that obtained from sample 8 
(49*01), and also very near sample 1, after extraction with soda 
(48*19). 

The sixth sample was prepared with a still larger proportion of 
lead oxide, 9PhO to lAg>0; the precipitate obtained gave on analysis 
47*46 per cent, of Ag»0. 

Third Method of Preparation .—A sample was then prepared accord¬ 
ing to Wohler’s method, by the addition of caustic soda to a solution 
of a lead and silver salt, and the precipitate repeatedly extracted 
with soda, till no more lead oxide was dissolved; the precipitate, 
which was originally yellow, turned first green and then black. On 
analysis, it yielded 66*29 per cent. Ag s O; the nearest formula, 
2Ag*0,Fb0, corresponds to 67*53 per cent. Ag a O. 

Fourth Method of Preparation .—Another way was then tried. Lead 
hydrate and silver hydrate were mixed together, and allowed to stand 
for some weeks with a solution of soda; the mixture turned dark- 
green; it was then repeatedly extracted with soda till no more lealfi 
oxide was dissolved. On analysis, it gave 65*39 per cent. Ag a O, a number 
not very far removed from that required by the formula 2Ag a O,PbO, 
Trik, 67*63 per cent. Ag a O. 
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Tabular Statement of Remits. 


Method of preparation. 

Sample. 

Pound 

-AgA 

Ag>0 calculated for formula. 

(i.) Mixture of lead and 
silver salts, preci¬ 
pitated by caustic 
potash. 

B 

per cent. 

22 -79 
40*68 
49-01 

■ 

22*01 

40*94 

50*08 

7PbO,2Ag s O. 

3Pb0,2Ag 2 0. 

PbO,Ag s O. 

(ii.) Addition of silver ui- 
tratetoleadhydiate 
dissolved m excess 
of caustic soda.... 

■ 

56*81 

49 *01 
47*46 

| 50-98 

PbO,AgjO. 

(iii.) Method same as (l), 
but repeatedly ex¬ 
tracted with soda.. 

}■ 

66-29 

67-53 

PbO,2AgaO. 

(iv.) From lead hydrate 
and silver hydrate 
by addition o± soda 
solution.. 

} 8 

65 *39 

67-53 

PbO,2Ag s O. 







These results seem to show:— 

1. Under the conditions given by Wohler, the substance formed 
varies in composition, the highest percentage of silver obtainable 
being 49*01, whereas the amount required for Wohler’s compound is 
34*23. 

2. When a mixture of lead and silver hydrates is allowed to stand 
in presence of soda, a change of colour occurs, and after repeated 
extraction with soda, a substance is left having a composition nearly 
that required by the formula 2Ag 3 0,Pb0. A compound of similar 
composition is obtained by precipitating the mixed nitrates of load 
and silver, and exhaustively extracting with soda, 

I also tided to obtain compounds of lead oxide with the oxides of 
barium, strontium, sodium, and potassium respectively, but without 
success. When a solution of a load salt is added to a strong boiling 
solution of barium or strontium hydrate, crystalline scales of litharge 
of a yellowish-grey tingo are deposited on slight cooling. In the 
case of sodium and potassium hydrates, the solution had to be 
evaporated to a small bulk, and the crystals were not so well defined. 
Some attempts were made by evaporating a mixture of lead acetate 
and the hydrate over sulphuric acid, but without success ; the result 
was in some cases a crystalline deposit of lithar ge, in others, crystals 
of the hydrate containing a little lead separated out, but of no definite 
composition. 

University College , London . 
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XCV .—A New Method of Preparing fi-Dinaphthylene Oxide , CaoH^O,. 
and the Constitution of its Tetrasulphonic Acid . 


By W. R. HoDGKiNfcON and L. Limpach. 


This substance has already been prepared in a variety of ways: by 
beating naphthol witb lead oxide (Graebe, Kiiecht, and Unzeitig, 
Annalen , 209, 138), by long boiling of napbthol in contact witli 
air (Merz and Weith, Per., 14, 200), by beating naphthol with 
phosphoric anhydride, and by the dry distillation of calcium naphthyl- 
ate (Ber., 15,1122). 

Our new method of formation is to heat the sodium salt of 
Schaeffer’s j8-naphtholmonosulphonic acid in a metal retort, platinum 
or copper, to low redness. The distillate condenses almost imme¬ 
diately to a yellowish solid. The total yield from the dry sodium 
salt is considerable, but was not determined quantitatively; the 
main portion of this distillate was found to consist of I, ft- naphthol; 
II, yS-dinaphthyl ether; and III, dinaphthylene oxide. To separate these 
three compounds, the distillate was first treated with dilute sodium 
hydrate solution, in which about 50 per cent, dissolved, and on acidify¬ 
ing the alkaline solution, a very pure j8-naphthol, melting at 122°, was 
precipitated. Little else appeared to have been dissolved. The 
portion insoluble in soda was then boiled with glacial acetic acid, in 
which it dissolved completely, and, on slightly cooling, a yellow, 
fluorescent substance crystallised out, which, on reciy stalhsation 
from acetic acid, formed very fine, lhombic plates melting at 153°. 

Analysis:— 


0*1850 gram substance gave 0*6080 gram CO g , and 0 0755 gram 

H a O. 

Found. Theory* 


Gao. 89*62 per cent. 89*55 per cent. 

H 12 . 4*53 „ 4*48 „ 


O 


5 97 




With picric acid in alcoholic solution, a compound is formed which 
melts at 134°. It forms groups of dark-red needles. 

The acetic acid solution evaporated to some extent, on cooling, 
gave colourless crystals of a substance of low melting point, which, 
on recrystallisation from dilute alcohol, was obtained in bright, silky 
plates melting at 105°. 

The analysis of this su hstance and its physical properties show it to 
be dlnaphthyl ether. 
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0*2010 gram substance gave 0 8536 gram OOj and 0*0350 gram 
H 2 0. 


Found. Theory, 

C 20 . 88*67 per cent. 88 88 per cent. 

H u . *5*25 „ 5*18 „ 


The yield of dinaph.tb.yl ether thus obtained is between 4 and 5 per 
cent., and that of dinaphthylene oxide about 25 per cent, of the total 
crude distillate. 

The dinaphthylene oxide agrees in all its properties with the com¬ 
pound described by ELnecht and TJnzoitig (Ber., 13, 1724, and 
(. Annalen , 209, 138). It melts at 153°, and boils without any decom¬ 
position at a temperature close upon, if not above, 500°. 

This method of formation of dinaphthylene oxide from 
Schaeffer’s /3-naphtholmonosulphonic acid points quite clearly to its 
constitution. 

Schaeffer’s acid has the constitution 

The sodium salt of this acid when heated gives sodium sulphite. 
The two residues unite to form dinaphthol and dinaphthylene 
oxide respectively. 

As a matter of fact, dinaphthol does exist amongst the products of the 
distillation, but only in very small quantity, for, as might be expected, 
the high temperature at which the reaction takes place causes the 
elimination of water and formation of dinaphthylene oxide. 




Dinaphthol. Dinaphthylene oxide. 


Dinaphthylene oxide is easily sulphonated, either by warming with 
ordinary strong sulphuric acid, or by dissolving in chloroform and 
treating with sulphuric acid mixed with 80 per cent, of the anhydride; 
or by the action of sulphonic monochloride, SO s H01. As the sulphona- 
tion proceeds, the colour changes from blue to brown, and the solu¬ 
tion of the acid in water is also brown. The same stage of sulphona- 
tion is obtained by all the above mentioned methods, namely, a tetra- 
sulphonic add. 
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The barium salt o£ this acid is very soluble in water when first 
made, and the solution when filtered through animal charcoal is not 
fluorescent. After evaporating to dryness, the salt is not quite so 
soluble in water. When slowly crystallised from the original solution, 
it contains 10 mols. H 3 0, which can be driven off at 120°. The less 
soluble salt contains but 2 mols. H 2 0. 

0T229 salt lost 0*0218 = 17*8 per cent, water at 120°. 

0*1056 salt lost 0*0186 = 17 6 „ „ „ (barium lost). 

0*2402 „ 0 0412 = 17*1 

and gave 0*1070 BaSO* = 26*2 Ba per cent. 

Ca)H 8 (SO 3 ) 4 Ba 2 , 10 H 3 O requires 17*6 per cent, water and 26*8 
baiium. 

The ammonium and other salts of this acid have been made, but no 
particular interest attaches to them. 

This sulphonic acid is of interest, because it can be obtained 
directly from 0-naplithol. When y3-naphthol is heated with sulphuric 
acid to a high temperature (120—150°), there is always produced 
along with* the /J-naphtholsulphonic acid a certain quantity of 
sulphonic acid, which does not react with diazo-compounds, and con¬ 
tains therefore no hydroxyl group. The amount of this acid depends 
on the extent of heating with the sulphuric arid. That these sulph¬ 
onic acids are derivatives of dinaphthylene oxide can be shown in the 
following manner:— 

The mixture of naphtholsulphonic acids obtained by sulphonating 
naphthol at a high temperature is made into an alkaline salt, and 
after the removal of the excess of sulphuric acid with barium carb¬ 
onate, treated witb a diazo-compound. For this purpose diazo- 
benzidine is very convenient, as it forms coloured compounds with 
all the isomeric naphtholsulphonic acids. These compounds can bo 
precipitated by the addition of salt to their aqueous solutions. The 
filtrate, which should give no colour reaction on the addition of a 
little more of the diazo-compound, is somewhat concentrated by 
evaporation, mixed witb an equal bulk of dilute sulphuric acid, and 
heated in a sealed tube or other closed vessel at a moderately high 
temperature, 150° or thereabout. By this means all the sulphonic 
gronps are eliminated, and the dinaphthylene oxide separated in a 
crystalline form. After one or two crystallisations from acetic acid, 
it is obtained quite pure of m. p. 153°, and is otherwise also identical 
with the product from Schaeffer’s acid above mentioned. 

This process can even be watched, as the p -napbtholtrisulphouic 
arid is gradually converted into dinaphthylene oxide tetrasulphonic 
arid:— 

1. By analysis at different stages of heating, when it is observed 
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that both the sulphur and the barium (in the barium salt) diminish 
in amount. 

2. By the difference in the colour of the fluorescence of the acid 
solution, the green fluorescence of the trisulphonic acids passing into 
blue as the dinaphthylene oxide acids are formed. 

3. In a more definite manner by heating naphthol with five times 
its weight of slightly fuming sulphuric acid quickly to 120—139°, 
and keeping it at that temperature for one hour. It is then converted 
completely into the trisulphonic acid. Small weighed quantities of 
this are taken, rendered alkaline, and titrated with a solution of 
diazobenzidine of known strength, as long as the colouring matter is 
formed. From the amount of diazobenzidine solution used, the 
quantity of the trisulphonic acid can be calculated. If the heating 
be continued past this stage, sulphur dioxide is formed, and the 
amount of trisulphonic acid regularly diminishes. This can also be 
watched by taking analyses at different stages. 

An analysis of the barium salt of a portion immediately after the 
stage of formation of the trisulphonic acid gave Ba 34*85 per 
cent, and S 16*15 per cent. 

Barium jB-naphtholtrisulphonate requires Ba 35*04 per cent, and 
S 16*37 per cent. 

After several hours continued heating at 140—150°, an analysis of 
a barium salt gave considerably less barium : Ba 32*6 per cent, 
and S 14*8 per cent. 

Barium dinaphthylene oxide tetrasulphonate, CwH^SO^Ba*, dried 
at 120°, requires Ba 32*54 per cent, and S 15*2 per cent. 

It would appear, therefore, that in this action, as in the distillation 
of the sodium salt first mentioned, the SO* groups in the para-posi¬ 
tion relatively to the hydroxyl are successively removed with simul¬ 
taneous joining up of the two naphthol rings. 

The constitution of this tetrasulphomo acid is also clear from the 
fact that all the isomeric mono- or di-sulpbonic acids of /2-nnphthol 
give one and the same trisulphonic acid on further, somewhat drastic, 
treatment with sulphuric acid; (Limpach, JBer. 9 16, 726); see also 
Nietzki ( Ghent. Zeit 15, 296; also Jour. Ohem. Ind., 10, 6, 536). 

As this acid must have the constitution 

HS0 8 

rrr * 

the only possible constitution for dinaphthylene oxide tetrasulphonio 
acid is 

VOL. MX, ' 4 a 


0 
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Dinaphthylene oxide is brominated tolerably easily either in acetic 
or chloroform solution; with a large excess of bromine, a product was 
obtained crystallising in very slender needles, and almost colourless; 
it melts at 231°. 

On analysis. 0*2578 gram snbstance gave 0*3353 gram AgBr, or 
55*35 per cent, of bromine. 

The formula CioH 8 Br 4 0 requires 55*17 Br. It is therefore a tetra- 
bromo-derivative. When less bromine is employed, evidently some 
lower brominated derivatives are formed; these have lower molting 
points than the one mentioned, but were not examined further. 
Chlorine in large excess acting on dinaphthylene oxide in chloroform 
solution gives a chlorine derivative of similar appearanoe to the 
bromine one. It melts at 220°. 

Dinaphthylene oxide dissolves in glacial acetic acid very easily*, 
and on adding strong nitric acid to this solution ‘without heating, a 
nitro-derivative is precipitated in fine, red needles, melting at 185°. 

0*2658 gram snbstance gave 10*3 c.c. N at 763 mm. and 17*4° = 
4*47 per cent. IT; CapHnNOa requires 4*47 per cent, of nitrogen. 

Attempts to reduce this snbstance have not as yot been successful. 
On boiling with strong nitric acid for a little time the nitro-derivativo 
dissolved, and on cooling separated in crystals not very distinct in 
shape. It was washed with hot acetic acid, dried, and analysed. 

0*1264 gram substance gave 13*9 c.c. IT at 755*2 mm, and 18°, or 
12*5 per cent, nitrogen. 

0*1036 gram^ubsiance gave 11*4 c.c. IT at 754 mm. and 17°, or 12*66 
per cent, nitrogen. 

GfioHJTiOs requires 12*5 per cent, nitrogen. 

It is therefore a tetranitro-derivative. This compound begins to 
melt at about 250°, but decomposes at the same time. 

The mononitro-derivative, when treated with excess of bromine* 
riftee a yellow bromonxtro-derivative forming rhombic prisms, somo- 
hrkmk. resembling Railhead spar in appearance. It melts at 295°, 
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Dimethylpyxidine, aa'-, 177. 
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consequences, Pnoo., 1890,170. 

-of liquid nitrogen peroxide, 1076. 
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-theory of, Proc., 1891,118. 

Ethane, nltro-, action of alkali carb¬ 
onates and hydroxides on, 41JL 

- - action of ammonia on, 

41.2. 

Ether, action of light on, in presence of 
moi-4 oxygen, 51. 
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745. 

-hexamethylonetetracarboxjlate 

|l:l:8:8j, 803. 

-hydrogen fumarate, preparation 

and properties of, 736. 

-maleale, preparation and pro¬ 
perties of, 740. 

-iodide, action of, on magnesium, 

Proo., 1891,17. 

-molecular refraction and dis¬ 
persion of, 295. 

-isophenanthroxyloneacetoacetate, 

2, 5. 

-action of acetic anhydride 

on, 7. 

-action of bromine on, 8. 

-action of phenylhydrazino on, 

7. 

-hydrolysis of, with caustic 

alkalis, 11. 
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Ethyl isoplienantliroxylenea eeto.ieefcate, 
reduction of, with tivdriodit* acid, 10. 

— -reduction of, with zinc and 

hydrochloric acid, 8. 

-lutidonecarboxylaio, 174 

-maleate, molecular refraction and 

dispersion of, 295. 

-malonate, action of ethyl dichlor- 

acetate on the sodium derivative of, 
Pboo., 1891,41. 

-methacrylate, action of alcoholic 

sodium ethoxide on, 481. 

-methyldibenzoylacetate, Pboo., 

1891, 43. 

-nilropiperonylacrylate, 156. 

-pentanetetrocarboxylate, prepara¬ 
tion of, 822. 

-sodium derivative Of, Pboo., 

1891, 43. 

— -synthesis with the aid of, 

Pboo., 1891, 43. 

-phonanthroxyleneacetoacetate, 1. 

-action of acetic acid on, 

14. 

-action of alcoholic hydrogen 

chloride on, 22. 

— -action of alcoholic potash on, 

24 

-action of ammonia on, 25. 

-action of foimie acid on, 3. 

-action of propionic acid on, 17. 

-action of sulphuric acid and 

alcohol on, 18. 

-a-pheuanthroxyleneisocrotonatc, 2. 

-pimelate, preparation of, 825. 

-propanetefcmearboxylate, prepara¬ 
tion of, 991. 

-propanetrioarboxylate, 0-, Pboc., 

1891, 41. 

-sodaceioacetate, action of ethylene 

bromido on, 853. 

— sodethylacotoacetate, action of 
ethylene bromide on, 893. 

-soiliobonzylacotate, action of ethyl¬ 
ene bromide on, 853. 

-tetrabromadipale, 753. 

-thiacetoacetatc, 329. 

-action of phenylhydrazine 

on, 332. 

-condensation of, with para- 

tolylhydruzine, 339. 

--* preparation of, 331. 

-thiocyanate, molecular refraction 

and dispersion of, 296. 
Ethylamiaopiperonyl-^-carboxylic an¬ 
hydride, 158. 

Ethyl benzylbenzoylacetate, hydrolysis 
of, 1007. 

Ethylbenzylphenylthiooarhamide, 565. 
Ethylene bromide, molecular refraction 
and dispersion of, 295. 


SUBJECTS. 1111 

EthyI-0-pheuylhydroxypropionic ueid, 
a-, 1009. 

Ethyl-0-phenyllactic acid, a-., Pkoc., 
1891, 43. 

Ethylthioearbimide, molecular refrac¬ 
tion and dispersion of, 296. 

Eulyte, 978. 

Explosion occasioned by impurities m 
commercial ether, Pboc, 1891,15. 


P. 

Fermentation of calcium glycerate by 
the Bacillus ethacetinis, 81. 

Fermentations induced by the Pneumo¬ 
coccus of Friedlander, 253. 

Ferric chloride, molecular ref met ion 
and dispersion of, in solution, 595. 

-dextrosate, 325. 

Ferropentacarbonyl, 1091. 

Formylparachlorophenylhydrazine, 213. 

Freezing point of triple alloys of gold, 
cadmium, and tin, 936. 

Fumaric chloride, chloro-, molecular 
refraction and dispersion of, 295. 


G. 

Galactangeddic acid, 1057. 

G-as, determination of the weight of, 
from the volume, 894. 

G-edda gum, proteid from, 1061, 

-gums, 1029. 

Geddic acids, 1029. 

Geddinosie acid, 1041. 

Geddinosic acid, 0-, 1054 

Germinating barley, influence of temp¬ 
erature on, 664. 

Glucose, fermentation of, with Fried- 
J&nder’s Pneumococcus, 254. 

Glutaric acid, preparation of, 993. 

Gl) ceric acid, an optically active, 96. 

-optically active, crystalline 

form of the calcium salt of, 233. 

Glycerol, molecular refraction and dis¬ 
persion of, 295. 

Gold, action of nitrosyl chloride on, 
662. 

-cadmium and tin, freezing point 

of triple alloys of, 936. 

Gravivolumeter, 894 

Gums, gedda, 1029. 

-of the arabin group, 1029. 


H. 

Haloid compounds, magnetic rotation 
of, Pboo., 1890,142. 
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Heptane, molecular refraction and dis¬ 
persion of, 295 

Heptarabinanpentagalactangeddic acid, 
1074 

Heptnrabinantetragalactangeddic acid, 

i071. 

Heptnrabinantrigalactangeddic acid, 
1065. 

Hevamethylene derivatives, synthesis of, 
796. 

Hexamethvlenediearboxylic acids, new 
synthesis of, 990. 

—— anhvdride, r c! S 812. 

Hexaniethvlenemetadicarboxylic acid, 
808. 

-IHM*trans j S14. 

-acids, conversion of one into the 

other form of, 813, 816, 817. 

Hexamethvlemetetracarboxylic acid 
p.: 1 • 3: 8], 804. 

-formation of, 994. 

Hexarabinanpentagalactangeddic acid, 
1074. 

Hexarabinantrigalactan geddic acid, 
1065. 

Hydriodic acid, molecular refraction 
and dispersion of, in solution, 593. 

Hvdrobromic acid, molecular refraction 
and dispersion of, in solution, 593. 

Hydrochloric arid, molecular refraction 
and dispersion of, in solution, 593. 

Hydrocmnamanilide, Prog., 1891, 7T. 

Hydrocinnamic chloride, Pboo., 1891, 
71. 

—--action of aluminium chloride 

on, Paoa, 1891, 71. 

Hydrocinnamide, Pboo., 1891, 7l. 

Hydrogen peroxide, influence of temp¬ 
erature on the formation of, from 
ether, 56. 

Hydroxides of the alkali metals, mag¬ 
netic rotation of, Proc , 1890,143. 

Hydroxyhenzyltrimethyleneoarboxj lie 
acid, 884. 

Hydroxyethyltrimethylenecarboxylic 
acid, 870. 

Hydroxyhydromuconic acid, bromo-, 
lactone of, 753. 


I. 

lavertaee, preservation of, 47. 

Iodic add, molecular refraction and dis- 
jversion of, in solution, 591. 

Indium chloride, molecular refraction 
and dispersion of, in solution, 595. 
Dccws, action of nitroayl chloride on, 
000 . 

-— m&mlw 604,1090, 

carbonyls, 604,1090. 


Iron, volatile compounds of carbonic 
oxide with, 604, 1090. 

Isoamyl oxide, molecular refraction and 
dispersion of, 295. 

Isobntvl iodide, molecular refraction 
and dispersion of, 295. 
Tsocamphopyric acid, 651. 
Tsophcnanthroxyleneacctic acid, action 
of acetic anhydride on, 13. 
Isophenanthroxyleneacetoacetic acid, 11. 

-action of potash on, 12. 

Tsopropvlparatolnidine, 34 
Isopropylparatolylnitrosamine, 34 
Isoxazolos, formation of, 410. 

L. 

Lsevosobrerol, 317. 

Lfcvotcrebenthenc, 313. 

Lanthanum salts, molecular refraction 
and dispersion of, in solution, 595 
Lead acetate, molecular refraction and 
dispersion of, iu solution, 595. 

-action of nitrosyl chloride on, 658. 

-and silver oxides, compounds of, 

1093. 

-effect of various metals on the 

freezing point of, Pboo., 1890,160. 

-persulphate, 782. 

Leaf-green, observations on, 106. 

Lecture experiment: Combustion of 
magnesium iu water vapour, Pboo., 
1891, 20. 

Light, action of, on phosphorous oxide, 
1019. 

--action of, on pure ether in pre¬ 
sence of moist oxygen. 51. 

-action of, on silver chloride, 536. 

-decomposition of silver chloride 

by, 536. 

-influence of hydrochloric acid on 

the decomposition of clilorine-water 
by, 539. 

Ligno-cclluloscs, action of nitric acid 
on Pboo., 1891, 61. 

Liquids, new method of determining the 
specific volume of, 37. 

Lithium salts, magnetic rotation of, 
Pboo., 1890,142. 

-molecular refraction and dis¬ 
persion of, in solution, 595. 

Lutidine, 377. 

Lutidonecarboxylic acid, 176. 

M. 

Magnesium, action of nitroByl chloride 
on, 656, 

-combustion of, in water vapour, 

Pboo., 1891, 20. 
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Magnesium, compounds of, with hydro¬ 
carbon radicles, experiments on the 
oxistcnco of, Proo., 1891,16. 

-etlrvl, attempts to prepare, Proc., 

1891,17. 

-salts, magnetic rotation of, Proc., 

1890,142. 

-molecular refraction and dis¬ 
persion of, in solution, 695. 

Magnetic rotation, 198. 

-of saline solutions, Proc., 

1890,141. 

— rotatory power of solutions of am¬ 
monium and sodium salts of some 
fatty acids, 981. 

Manganese, action of nitrosyl chloride 
on, 660. 

Mannitol, fermentation of, with Fried- 
lander’s Pneumococcus, 266, 

-molecular refraction and dispersion 

of, in solution, 691. 

-oxidation of, by nitric acid, 306. 

Mnnnosacchario acid, d-, 306. 

Menthol, molecular refraction and dis¬ 
persion of, in solution, 591. 

Mercury, action of nitrosyl chloride on, 
659. 

-vapour pressures of, G29. 

Metals, action of nitrosyl chloride on, 
655. 

-molecular condition of, when al¬ 
loyed with each other, Proc., 1890, 
158 

MetaphosphoTic acid, molecular refrac¬ 
tion and dispersion of, in solution, 593. 
Methane, nitro-, action of alkalis on, 
43°. 

Methoxyphenyl-«W-phenylnaph£hotri- 
azine, ers-orfho-, 697. 
MethoxyBUCcinamido, 470. 
Methoxysuccinic acid, 471. 

Methyl aorvlni e, action of methyl al¬ 
cohol on, 474. 

-crotonato, action of methyl aloohol 

on, 476. 

-fumarate, action of sodium meth- 

oxide and methyl alcohol on, 468. 

-action of sodium methoxide 

on, 472. 

-hexamebhylonemetadioarboxylate, 

806. 

-iodide, molecular refraction and 

dispersion of, 295. 

- methoxyBuccinate, 468. 

-nitropiperonylacrylate, 156. 

-sulphate, molecular refraction and 

dispersion of, 296. 

Methytammonium salts, compounds of, 
with thiocarbamide, 392. 
Methylaniline, action of picric chloride 
on, 716. 


Mothyldehydropentone, 880. 

-action of water on, 881. 

acid, 

Methyldiphenylamine, molecular refrac¬ 
tion and dispersion of, 296. 

Methvl-3-diphenyl-4: 5-phenylpyrrhol- 
one, 149. 

Methylene diiodide, molecular refrac¬ 
tion and dispersion of, 295 

Methylglyeol, formation of, from acetyl- 
carbinol, 796. 

Methyl jS-phenyllactic acid, a-, Proc., 
1891, 43. 

Methylpropylcarbinol, formation of, 874. 

Molecular refraction of carbon com¬ 
pounds, 290. 

-volumes of acetic acid, 903. 

-of carbon tetrachloride and 

stannic chloride, 911. 

-of the saturated vapours of 

benzene and its halogen derivatives, 
125. 

-weights, direct comparison of the 

physical constants involved in the 
determination of, by Kanult’s method, 
Proo., 1891, 26. 

-of metals in solution, Proo., 

1890, 159. 

Mucic acid, 750. 

-action of phosphorus penta- 

chloride on, 26. 

-constitution of, 753. 

Muconio acid, 750. 

——-action of bromine on, 750. 


N. 

Naphthalene, constitution of the tri¬ 
derivatives of, Proo., 1891,27, 

Naphthol, £-* bromo-dorivataves of 
Proo., 189,87. 

-1:3-bromocbloro-£-, Proo., 1891, 

33. 

-di- and tri-chloro-fl-, Proo., 1891, 

82,88. 

-1 : 3-dibromo-jS-, Proo,, 1881, 38. 

-tetrabromo-jS-, Proc.* 1891, 88. 

-tribromo-jS-, Proo., 1891,87. 

N aphthol-derivatives, nitration o£ 
Proo., 1891, 89. 

Naphthols, cbloro- and bromo-, action 
of nitric arid and oxidising agents on, 
Proo., 1891,34. 

Naphbhylomine, a-, action of picric 
chloride on, 716. 

Naphthylamine, j3-, azo-derivatives of, 
372. 

-cbloro- and bromo-derivafciyes of, 

Proo., 1891,32. 
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Naphtbylaminedisulphonie acid, 0-, 
Andresen’s, Phoc., 1891, 27. 

Nickel action of nitrosyl chloride on, 660. 

-dextrosate, 323. 

Nitrates, estimation of, iu potable 
waters, 320. 

— iodometric estimation of nitric 
acid in, 530. 

— magnetic rotation of, Pboo., 1890, 
144. 

-production of, in nitrification, 514. 

Nitration of benzenoid derivatives, 
Pboc., 1891, 89. 

-with nitric peroxide, Pboc., 1891, 

91. 

Nitric acid, iodometric estimation of, in 
nitrates, 530. 

-molecular refraction and dis¬ 
persion in solution, 593. 

-organ sm, behaviour of, with, am¬ 
monia, 521. 

-nutrition of, 519. 

Nitrification, 484. 

-a purely nitrous agent of, 486. 

-conditions which determine the 

formation or separation of a nitrous 
agent only, 490. 

-distinction between the production 

of nitriles and nitrates in, 485. 

-isolation of the nitrous organism 

of, 495. 

—— nutrition of the nitric organism of, 
519. 

-nutrition of the nitrous organism 

of, 509. 

-production of nitrates in, 514. 

-theory of, 523. 

Nitrites, production of, in nitrification, 
486. 

Nitro-compounds of the paraffin series, 
action of alkalis on, 410. 
Nitro-denvatives, new method of pre¬ 
paring, Pboo., 1891,91. 

Nitrogen peroxide, liquid, dissociation 
of, 1076. 

—--preparation of, 1077. 

-use of, as a nitrating agent, 

Pboo., 1891,91. 

Nitro-keto-oompounds, formation of, 
Pboo., 1891, 89. 

Nitrosyl chloride, action of heat on, 271. 

-action of, on metals, 655. 

Nitrous organism of nitrification, isola¬ 
tion of 495, 

-description of, 507. 

--— nutrition of, 509. 

— -properties of, 505. 

Nonarabinatefa-agaJ^tangeddic acid, 

1071. 

Non^slectrolytes, nature of chemical 
change in, Pboc,, 1891,118, 


0 . 

Obituary notices, 452. 

Oil of turpentine, oxidation of, in sun¬ 
light, 311, 315. 

Osmotic pressure of salts in solution, 311. 
Oxylepidenb, action of ammonia and 
inethylamine on, 140. 


P. 

Pentane, molecular refraction and dis¬ 
persion of, 295. 

Pentauetetracarboxylic acid, preparation 
and properties ot, 824. 

-synthesis of homologues of,818. 

Pentarabinantctragalaotangoddie acid, 
1070. 

Perchloric acid, molecular refraction 
and dispersion of, in solution, 593. 
Persulphates, 771. 

Phenazoxime, dinitro-, 723. 

Phenol, chlorination andbrominationof, 
Pboo., 1891, 64. 

— diorthonitro-, action of bromine on, 
Pboc., 1891, 63. 

-parabromodioithonifcro-, isomeric 

change of, Pboo., 1891, 63. 

--parachlorodiorthonitro-, Pboo., 

1891, 63. 

Phenolorthosulphonio acid, orthopara- 
dichloro-, action of sulphuric acid on, 
Pboo., 1891, 64. 

Phenols, amido-, action of picric chlor¬ 
ide on, 718. 

-nitro-, sulphonation of, Pboc., 

1891, 65. 

Phenuvic acid, 190. 

-constitution of, 194. 

-relationship with Paal’s 

phenylmethylfurfurancarboxylic acid, 

Phenyl ether, molecular refraction and 
dispersion of, in solution, 591. 

-phenylsemitliiocarbazido, para- 

chloro-, 212. 

Phenylbromocetic acid, an apparent ex¬ 
ception to the Le Bel-Van’t Hoff 
hypothesis, 71. 

Phenjlcarbamide, diparachloro-, 212. 
Phenyldehydropentone, 886. 

Plieny lhydrazino hydrochloride, ortho- 
cbloro-, 209. 

-orthoehloro-, 209. 

-parabanate, parachloro-, 213. 

-parachloro-, 211. 

-action of chloroform and 

alcoholic potash on, 213. 
Phenylhydrazinep) ruvic acid, ortho- 
ohloro-, 210. 
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Phenvlhydrnzincs, chlorinated, 200. 
Phonj liHoxa/iOlouc, 1005. 

Plienv 1-rt M-ind umtrophenj lnaplitholri- 
azine, az-> 700. 

-motanitro-, 603. 

Plienylmct li\ 11 urf urancarboxylic acid of 
Paai, relationship to phonuvic acid, 
190. 

Phenyl-fl/^moihylnaphthotriazine, az- 
paranitro-, 6d7. 

-reduction of, 712. 

Plienylmcthylpyrazolone, action of 
sulphur dichloride on, 334. 

-fcliio-, 332. 

-properties of, 335. 

Phenylmethylpyrazoloneazobenzone, 

336. 

Phcnyl-«Z(f-paranitrophenylnaphthotri- 
azme, az-> 690. 

-paranitro-, 694. 

Phenyl-a^-phenylnaphthotriazine, az-, 
metanitro-, 684. 

-reduction of, 701 

-orthondro-, 683. 

-reduction of, 702. 

'—- parabromo- and chloro-, 600. 

— paranitro-, 685. 

-reduction of, 702. 

-parasulplio-, 687. 

Pbenylprop\lcarbinol, 886. 
Phenjhemimrbazide, orthocliloro-, 210. 
Phenyltetramethyleno dibromide, 891. 
-gl^ col, 890. 

Plienyliliiocarbunide, action of acetic 
acid on, 327. 

—— action of benzaldehyde on, 67. 

-action of benzoic acid on, 67. 

— action of water on, 328. 

-interaction of, with aeetio acid, 544. 

-interaction of, with propionic acid, 

550. 

-preparation of, 308. 

Phonylthiosemicarbazidc, orthochloru- 
plionyl, 210. 

Phenylurazole, paracliloro-, 212. 
Phosphates, magnetic rotation of, Pboc., 
1890,141. 

Phosphodichloromuconic acid, 27. 
Phospliodichloromuconyl chloride, 31. 
Phosphoric anhydride, action of phos- 
plioryl chloride on, 202. 

Phosphorous diamide, 1027. 

-anhydride, action of sulphuric 

anhydride on, 280. 

-* oxide, 1019. 

-action of ammonia on, 1026. 

-— action of bromine on, 1020. 

-»action of hydrogen chloride 

on, 1022. 

— --action of iodine on, 1021. 

— -action of light on, 1019. 
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Phosphorous oxide, action of nitr.c 
peroxide on, 1028. 

-action of phosphorus trichlor¬ 
ide on, 1029. 

—— -action of phosphorus pentu.- 

chloride on, 1028. 

-*— action of selenium on, 1026. 

-action of sulphur on, 1022. 

---action of sulphur chloride on, 

1026. 

— action of sulphuric acid on, 

1026. 

Phosphorus, a new modification of, 
Pkoc , 1891, 3. 

*-action of, on sulphuric anhydride, 

231. 

-oxides, compounds of, with sulph¬ 
uric anhydride, 230. 

-sulphoxide, 1023. 

Phosphoryl chloride, action of, on phos¬ 
phoric anhydride, 202. 

Picric chloride, action of, on aminos in 
presence of alkali, 714. 

Pieroaconitine, 272. 

Picro&eptdecylamine, 715. 

Pimelic acid, preparation of, 825. 

-synthesis of homologues of, 

818. 

Pin as Maryana, turpentine oil from,311. 
Piperidine, action of picric chloride on, 
716. 

Piperonyl, some derivatives of, 150. 
Piperonylacrylic acid, 152. 

-action of nitric acid on, 153. 

-amido-, 158. 

--nifcro-, 153. 

—_ _-from nitropiperonal,157. 

-salts of, 154. 

— -tetrabromo-, 160. 

-— action of potassium 

hydroxide on, 160. 

-a- and j3-tribromo-, 163. 

Piperonylethylene, tribromo-, 161. 
PiperonyloTn, 164. 

Platinum, action of chlorine and carb¬ 
onic oxide on, 598. 

— action of nitrosyl chloride on, 663. 

-- dibromide, action of carbonic oxide 

on, 603. 

Platinum-compounds, volatile, 598. 
Pneumococcus of Friedlander, ferment¬ 
ation induced by, 253. 

Potassium persulphate, 772. 

-salts, magnetic rotation of, Pbocl, 

1890,142. 

-molecular refraction and dis¬ 
persion of, in solution, 595, 596. 
Propane, nitro-, primary, action of 
alkalis on, 431. 

Propiomtrile, molecular refraction and 
dispersion of, 296. 

4 H 
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Propylamine, molecular refraction and 
dispersion of, 296. 
Propylparatoluidine, 35. 

—— normal and iso-, 33. 
Propylparatolylnitrosamme, 35. 

Protein from gedda gum, 1001. 


Q- 


Quinindole-a-carboxylic acid, ortho-, 
758. 

Quinine, mucate, 754. 
Quinoliuehydrazine, ortlio-, 756. 
Quinolinesemicarbazide, ortlio-, 758. 


K. 

Refraction, molecular, of various carbon 
compounds, 290. 

-of various substances in 

solution, 589. 

Keiiactive power of organic compounds 
at different temperatures, Proc., 
1891, 115. 

Rotatory power of turpentine, change 
of, on' keeping, 726. 


Safrole, molecular refraction and dis¬ 
persion of, 295. 

Saits, formation of, Pboc., 1891,118. 

-in solution, osmotic pressure of, 

344. 

-magnetic rotation of solutions of, 

Pboc., 1890,143. 

Selenic acid, molecular refraction and 
dispersion of, in solution, 593. 

Selemous acid, molecular refraction and 
dispersion of, in solution, 593. 

Silicon tetxabromide, molecular refrac¬ 
tion and dispersion of, 299. 

-tetrachloride, molecular refraction 

and dispersion of, 299. 

Silver, action of nitrosyl chloride on, 
G59. 

-and lead oxides, compounds of, 

1093. 

- chloride, action of light on, 

586. 

— — action of, on water when ex¬ 
posed to light, 537. 

-darkened, examination of, for 

oxygen, 543. 

-decomposition of, by light, 

536. 

-salts, molecular refraction and dis¬ 
persion of, in solution, 596. 


Sobrcrol, 313, 315. » 

- inactive, 318. 

-preparation of, 315. 

Hobrerone, 31 k 

Sodium acetate, magnetic rotatory power 
of solutions of, 987. 

-butyrate, magnetic rotatory power 

of solutions of, 988. 

-formate, magnetic rotatory power 

of solutions of, 986. 

-propionate, magnetic rotatory 

power of solutions of, 987. 

-salts, magnetic rotation of, Proc., 

1890,14a 

-molecular refraction and dis¬ 
persion of, in solution, 596. 

Soil, nitrification in, with ammoniocal 
solutions, 485. 

Solution, osmotic pressure of salts in, 
344. 

-the dissociation hypothesis of 

Arrhenius, Pkoc., 1891,105. 

Solutions, magnetic rotation of, Pkoc., 
1890.141. 

-nature of, Pboc., 1891.105. 

Specific rotatory power of aconitine, 
281. 

-volumes of liquids and their satu¬ 
rated vapours, new method of deter¬ 
mining. 37. 

Spectra of blue and yellow chlorophyll, 
106. 

Stannic chloride, vapour pressures and 
molecular volumes of, 931. 

-ethide, molecular refraction and 

dispersion of, 296. 

Stryohnine mucate, 754. 

Substitution-derivatives, formation of, 
Proc., 1891, 62. 

Sugar, cane-, and milk-, molecular refrac¬ 
tion and dispersion of, in solution, 
591. 

—-estimation of, 46. 

Sulplumilic acid, action of picric ohlor- 
ide on, 717. 

Sulphates, magnetic rotation of, Pboc., 
1890,143. 

Sulphuric acid solutions, properties of, 
Proc., 1891,105, 

Sulphuric anhydride, action of phos¬ 
phorus on, 231. 

-compounds of oxides of phos¬ 
phorus with, 230. 

Sulphuryl chloride, function of the 
chlorine in, Pboc., 1891, 60. 


T. 

Tellurium, volumetric estimation of, 
58, 238. 
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Torch ent hone hydrochlorides, 728. 

-oxidation of, in sunlight, 311,315. 

Terpono liydraic, molecular refraction 
and dispersion of, in solution, 591. 
Terpenos, 311,018, 725. 

-and allied compounds, 311. 

Tcrpilcnc dihydrochloride, molecular re¬ 
fract ion and dispersion of, in solution, 
591. 

Tetragalactangeddic acid, 10C9. 
Tctrahydroplienylmothylfurfuran, pro¬ 
perties of, 194?. 

Tctraphenylcrotolnctone'action of alco¬ 
holic ammonia on, 141. 

-action of mothylamine on. 147. 

Totraphenylpyrrholone, reduction of, 
145. 

Tet rarabmantrigalactangeddio acid, 
1035. 

Tetrathiocarbamidammoniiun bromide, 
384. 

-chloride, 386. 

-iodide, 385. 

Tetrcthylammonium bromide and 
iodide, compounds of, with thioearb- 
amide, 387. 

Thallium, action of nitrosyl chloride on, 
657. 

Thiocarbamido and methyl- and ethyl- 
ammonium salts, 391. 

•-benzyl derivatives of, 531. 

—— compound of triethylammonium 
bromide with, 390. 
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ERRATA. 


Pajre 

51 


318 


Line 

15 


533 

534 


Yol. LIX (Trans., 1891), 

from bottom et set?., for “ In the paper ... on the subject,’* 
read “In tins paper, Duustan andDymond discuss my own experi¬ 
ments on the subject, the account of which was published in 
abstract only ( Proc . Ch&m. Soc ., 1889, 131).” 

Figures 2 and 3 on this pago are placed upside down, so that tho 
obtuse axial angle is at the lower part of the crystal instead of the 
upper part, as stated m the context. 

C1I,C-C CHs-CziC-CHjt 

CH A ” read « CH^CH I) 

\/ \/ 

NH Nil 

„ for “ through#” read “ through 
bottom, for “0*2922” read “ 0*2992 ” 

top „ “(ignited). 0*44” read 

“ (ignited). 0’15.” 


426 10 from top, for “ 


C80 bottom, for 



N-C-X 

—i—in-T. 


” read “ 



'-NX 

i—ir—6 h-t 


h H 

o o 

H0/\0' /N |CII 

14 from top, for “ HC 1 U 

N 0 \ 


read 





Oil 

COOK 

H H 
0 0 

Ho/\o /N ion 


*-UJ 

N 0 


*m 17 tom top, for “ OjsHyNsO^” read “ OjA^A” 


j>OH 

O-OOOK 


Krt&OSOV AjjfJ> SOHSjP^ISTTBftS Ilf OBDIKjUnr TO EBB MJUBSXr, ST. HIBTIB’S LAWS. 








